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SATELLITE DIFFERENCES BETWEEN PLANTS 


Figure 1 


A—P.M.C.’s of diploid Alopecurus pratensis, satellite pair held together by chiasma (a) 
B 


with one satellite still attached (b) and the other (c) detached from point (d). Diploid 
A. pratensis root-tip C-mitotic metaphase with detached satellites (arrows) and parent chromo- 
somes. C—P.M.C.’s of haploid A. pratensis with six nucleoli (arrows). D—Anthoxanthwm 
odoratum root-tip C-mitotic metaphase with disarticulating secondary constrictions (points a) 
and non-disarticulating secondary construction (point b). 








A POSSIBLE ORIGIN OF SUPERNUMERARY 
FRAGMENT CHROMOSOMES 


D. MARKARIAN AND J. 


ARLINGTON and Upcott! state: 

“In plants there is a vaguely de- 

fined group of chromosomes 

known by the term supernumerary frag- 

ment.” This statement points to the fact 

that probably no other cytological phe- 

nomenon confronting the cytologist has 

proved more difficult to study and under- 
stand. 

Aside from the cytogenetic status of 
these fragments, there is a certain vague- 
ness surrounding even the question of 
nomenclature. The terms supernumer- 
ary, fragment, B, and accessory, have 
been used alone, in combination, and 
interchangeably to describe the phenom- 
enon. In studies involving mutagens 
and in other where dicentric 
bridges are formed, the term fragment is 
used to describe a different phenomenon. 


studies 


The term B is duplicated where the chro- 
identified alphabetically. 


mosomes are 

In recent studies*, the term standard 
fragment has appeared as a consequence 
of need for a more clearly understood 
situation. 

For the present, no particular con- 
fusion arises through this irregularity in 
nomenclature. However, continued 
search and understanding of origin, cy- 
tology, and genetic importance will no 
doubt bring about a more exact nomen- 
clature. 

The many well-substantiated reports 
leave no doubt as to the existence of 
supernumerary fragments. However, 
during recent root-tip chromosome stud- 
ies in the genus Bromus'® four species 
were found to have chromosomes with 
secondary and _ tertiary constrictions 
which disarticulated often during cyto- 
logical manipulation. The chromosome 
segments so pré duced could at first have 


re- 


ScHULZ-SCHAEFFER* 


been interpreted as supernumerary frag- 
ments. 

Continued observation revealed that 
these apparent supernumerary fragments 
were in fact tandem satellites separated 
from the parent chromosomes through 
chemical treatment and squashing. This 
observation led to the speculation that 
this condition of artifact may be a con- 
tributing factor in studies involving su- 
pernumerary fragment chromosomes. 
The present paper concerns an investiga- 
tion of this possibility. 


Materials and Methods 
The species investigated were as fol- 
Anthoxanthum odoratum from a 
natural population in western Washing- 
ton; Secale from a natural 
population at Pullman, Washington ; and 
Alopecurus pratensis from 
P-5903, USDA Plant Material Center, 
Pullman, Washington. 

were from 
the greenhouse. All 
treated according the oxyquinoline 
technique’’. Pollen-mother-cells of A. 
pratensis were fixed in three parts alco- 
hol and one part tic acid and stained 
with aceto-carmine. 

Idiograms were 
measurement of root-tip 
with an eyepiece micrometer. One unit 


3) equals .55 p 


lows: 
montanum 
selection 


pe ytted 
were 


Xoot-tips taken 
R t-t I + l 
plants in 


to 


ace an 


established thre ugh 


chromosomes 


of the scale ( Figure 
The measurements 
from a minimum of 10 cells in each case. 
F 


represent averages 


Alopecurus pratensis 
and Wohr- 


chro ymMosomes 


Rancken’*, Johnsson® 
mann!® report fragment 
in A. pratensis. All three reports agree 
that a higher percentage of multivalents 
is found in plants | 
ments than in those without. 


yossessing the frag- 


| 
Johnsson 


*Assistant Professor, Agronomy Department, State College of Washington and Assistant 
Professor of Agronomy, Montana State College respectively. Scientific paper No. 1664, Wash 


ington Agricultural Experiment Stations. 


Work conducted jointly 
State College of Washington and research grant from the German Research 


> 
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Project No. 1288, 


Association 


under 





The Journal of Heredity 


VARIOUS STAGES OF CHROMOSOME DISARTICULATION 
Figure 2 
A-C—P.M.C.’s of haploid A. pratensis. A and B—Univalent satellites (arrows) 
ated with parent chromosome 5 (Figure 3 4). C—Cell with two detached satellites : 
from chromosome 5 with attached nucleolus (b), the other (a) frequently 
D-I Satellites attached (chromosome 5). 


P. M. C.’s of diploid A. pratensis. D- 


associ- 
one (Cc) 


less observed 


E and 


Satellites detached. G and H— Root-tip C-mitotic chromosomes of S. 
some 4 (Figure 3C) and detached satellite (arrows). H 


also found a higher percentage of bridges 
and suggests fragments arising from the 
formation of dicentric chromatid bridges 
may be the source of the supernumerary 
fragments. The fact that he never ob- 
served the supernumerary fragment 
paired with a normal chromosome does 
not support this idea. Johnson observed 
plants with 1, 2, and 3 supernumerary 
fragments and Wohrmann found as 
many as four. 

The mitotic study of root-tips revealed 


montanum, G—Chromo- 


Satellite not detached 
definite differences between plants. 
Three plants always possessed two su- 
pernumerary fragments in each cell ob- 
served (Figure 18) while three other 
plants did not show these fragments. 
The idiogram in Figure 34 shows the 
morphology of the 4. pratensis chromo- 
somes determined from this root-tip 
study. Five pairs of satellited chromo- 
somes are present in this species. Four 
of the satellite pairs were similar and 
were easily distinguished from the fifth 
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Alopecurus protensis (2n*28) 


PECTOEEUEUD EERE 


Anthoxanthum odoratum (2n*20) 


TILTED 


8 9 10 Il 2 3 14 
THE THREE SPECIES 


Figure 3 


IDIOGRAMS OF 


Idiograms were established through measure- 
ment of root-tip chromosomes with an eye- 
piece micrometer. Scale units at left repre- 
sent 0.55 micron. 
pair (chromosome 5, Figure 34). The 
supernumerary fragments mentioned 
above were interpreted as satellites de- 
tached from chromosome 5 (Figures 1B 
and 3A). 

Additional evidence for the 
tion of the supernumerary fragment with 
chromosome 5 was obtained through 
meiotic study. One A. pratensis plant 
possessed anthers with haploid P.M.C.’s 
in addition to anthers with diploid 
P.M.C.’s. Both types of anthers were 
found on the same spike. 

One disarticulated satellite was found 
in most of the P.M.C.’s of haploid tis- 
sues (Figure 24 and 2B) and a pair in 
the diploid (Figure 2D, E and F.) Occa- 
sionally there were two fragments in the 
haploid P.M.C.’s (Figure 2C arrows a 
and ¢) indicating that at least two pairs 
could be present in diploid cells. The 
best evidence for the true nature of the 
fragment is shown in Figure 2D where 
the satellited bivalent is seen closely as- 
sociated with the main nucleolus, and 
the satellite is not detached. Figure 24, 


connec- 


B, E and F also show satellite and chro- 
mosome close to the nucleolus, indicating 
that the original position as shown in 
Figure 2D has been changed by artifact. 

In his study of meiosis, Wohrmann!* 
(Figure 12) also observed the associa- 
tion of a normal bivalent with one of two 
supernumerary fragments present, the 
other lying detached. However, no nu 
cleolus association was noted. 

In nearly all of the haploid P.M.C.’s 
the detached tandem satellite was asso- 
ciated with a small nucleolus as shown 
in Figures 2C, arrow b, and 34. Conse- 
quently the five satellited chromosomes 
have a total of six nucleolar organizer 
regions instead of the five expected ones 
Figure 1C illustrates an unusual haploid 
P.M.C. with six nucleoli in one cell. It 
that in late prophase the 
nucleoli fuse, since only the one large 
nucleolus with chromosome 
5 was noted in most cells. The phenom- 
enon of fusion was ' 
Stewart and Bamford™ in Medeola vir 
giniana. 

The meiotic metaphase and anaphase 
behavior of the “fragment” pair never 
offered evidence of independent centro- 
mere activity. Occasionally the “frag- 
ments’ appeared as univalents. How 
ever, more often, they appeared to be 
held together by a chiasma (Figure 14 
point a). 

It is quite evident that the forces hold- 
ing the “fragment” pair together at the 
chiasma (Figure 14, point a) are great 
er than the point of union represented 
area ( Figure 


is assumed 
associated 


also obser\ ed by 


by the nucleolus organizer 
14, points b, ¢, d). 

The relationship of the fragment to 
the parent chromosome is without doubt 
a delicate one as evidenced by the ease 
of disarticulation. The position of the 
organizer area is similar to the situation 
in Lilium?® in that it is not terminal. 
In the case of A. pratensis, 
able portion of the chromosome arm ex- 
tends beyond the organizer area and 
appears no different than the euchro- 
matic remainder of the chromosome. 
Considering the apparent delicate hetero- 
chromatic continuity between the chro 


a consider- 
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mosome proper and the “fragment” and 
considering the rather lengthy propor- 
tion of the “fragment”, it would then not 
be too difficult to imagine disarticulation 
at this point as a result of cytological 
manipulation. 

Il. Anthoxanthum odoratum 

Katterman® and Hunter‘ report frag- 
ment chromosomes in A. odoratum. 
Hunter reports two pairs of large frag- 
ments and one pair of small, almost 
spherical ones. They were always in 
pairs and never found as_ univalents. 
Parthasarathy"! did not observe these 
fragments. However, he did observe 
that one pair of chromosomes definitely 
possessed a secondary constriction. 

In the material of the present study, 
two pairs of satellited or secondarily 
constricted chromosomes were found 
(Figures 1D and 3 B). This agrees in 
part with Parthasarathy’s findings. In 
addition, the chromosome arms in the 
present study often disarticulated at the 
Sect mndary constrictions. These disarticu- 
lated satellites may correspond to the 
two pairs of large fragments observed 
by Hunter. The heteromorphic satellited 
chromosome 2 (Figures 3B and 1D, 
point b) did not disarticulate in our 
preparations. The distribution of this 
heteromorphic pair within the population 
was not determined, nor was meiosis 
studied in this species. 

III. Secale montanum 

Emme? reported S. montanum as hav- 
ing from one to two B-chromosomes. 
He paralleled this observation to the 
situation in 16 chromosome S. cereale 
as presented by Gotoh®. Gotoh demon- 
strated that the total chromosome length 
of the 16 chromosome rye was equal to 
that of 14 chromosome rye. He also 
identified cytologically the origin of the 
extra pair of chromosomes. According- 
ly, Emme presented the S. montanum 
karyogram with the B-chromosome as 
having a theoretical origin similar to 
that shown by Gotoh in 16 chromosome 
rye. Lewitsky® disputed the origin of the 
extra pair of chromosomes as given by 
Gotoh; however, disregarding this con- 


troversy, the present evidence supports 
Emme’s extension (in theory) of 
Gotoh’s findings to S. montanum. From 
the idiogram (Figure 3C), it is evident 
that chromosome 4 possesses a large 
tandem satellite which when separated 
from the parent chromosome appeared 
aS a supernumerary fragment (Figure 
2G). The disarticulation of this chromo- 
some, however, was not as frequent as 
was seen in A. pratensts or A. odoratum. 
Apparently the tandem satellite is so 
closely attached to chromosome 4 and 
the tertiary constriction so unpronounced 
that short arm and tandem satellite to- 
gether appear as one long arm. This is 
clearly demonstrated in Figure 2H 
where the tandem satellite can be seen 
closely connected. 

The tandem satellite of S. montanum 
resembles that of chromosome 14 of 
Bromus haenkeanus™ and the B-chromo- 
some of rye as observed by Tjio and 
Levan'*. In these instances the short 
arms of the tandem satellites and the 
B-chromosome are “head” shaped. 


Discussion 


The present evidence indicates that the sec- 
ondary constriction in A. pratensis (chromo- 
some 5) is a very weak point. The very loose 
ness Of association of satellite to parent chro- 
mosome in this species suggests a mechanism 
whereby fragment chromosomes may be pro- 
duced spontaneously, and possibly this situa- 
tion represents an intermediate or near final 
stage in the development of this mechanism. 

Therman-Suomaleinen!® described in detail 
the secondary constrictions in Polygonatum 
species. Her observations in regard to the 
weakness of the chromosomes at these points 
is paralleled in the results of the present study. 
Similarly, Kaufmann? has observed in somatic 
mitoses of Drosophila melanogaster that the 
possibility exists that secondary constrictions 
may be quite tenuous and permit separation 
of the chromosome during smearing. 

Three out of six A. pratensis plants studied 
herein did not have the easily disarticulated 
satellite. In these plants even the secondary 
constriction was not observable in root-tip 
chromosomes. This suggests the presence or 
absence of the weak secondary constriction to 
be facultative. The evolutionary implications 
of such a condition are several, but for lack 
of sufficient evidence a discussion is not in 
order at present. 

In the field, A. pratensis is a highly variable 
plant and the plants used in the present study 
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did not include the entire range of variation. 
The species is self-sterile and its compulsory 
ross-pollination habit would tolerate cyto- 
logical unbalances that might arise through 
inclusion of supernumerary fragment chromo- 
somes. Since the plants used in the present 
study are not identical to those used by the 
earlier workers, the results herein would not 
necessarily infer a discrepancy. 


Summary 


Evidence presented indicates that the fifth 
chromosome of Alopecurus pratensis possesses 
a nucleolus associated tandem satellite which 
readily disarticulates at a secondary constric- 
tion during cytological manipulation and which 
could under casual observation be interpreted 
as a supernumerary fragment. 

Two pairs of chromosomes with secondary 
constrictions were observed in Anthoxanthum 
odoratum. The four chromosomes were iden- 
tical except for one whose secondarily con- 
stricted arm was one unit shorter than the 
comparable arm of the other three. The three 
identical chromosomes disarticulated regularly 
at the secondary constrictions and when the 
“fragments” were displaced, they appeared as 
supernumerary fragments. 

In Secale montanum one pair of chromo- 
somes was found to have secondary constric- 
Disarticulation did not occur as readily 
however, where it did 
appeared as supernu- 


tions. 
as in the above species ; 
occur, the “fragments” 
merary fragments. 

All of the species mentioned above have 
root-tip chromosomes with secondary constric- 
tions. These constrictions are weak points at 
which disarticulation occurs during cytological 
manipulation. The fragments produced in this 
manner simulate supernumerary fragments. All 
of the above species have been described in 
reports to have supernumerary frag- 
It follows then that the earlier reports 
part subject to error from this 


earlier 
ments 
may be in 


phenomenon. 
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THE CRINKLED-FUZZY MOUSE. 


Wittys K. Sirvers AND Prisci_ta W. LANE* 


RINKLED (crer) is an autosomal 

recessive gene of the house mouse. 

The gene has many widespread 
morphological. effects which have been 
described by Falconer et al.3. The most 
obvious effect involves the coat which 
is thin and abnormal in texture. As 
described by Dry? the coat of the normal 
mouse consists of monotrichs, awls, 
auchenes and zigzags. Auchenes are 
very variable in frequency, and often 
grade into awls through a transitional 
series of intermediates. For these rea- 
sons this hair type has not been consid- 
ered as a type distinct from awls by 
Falconer et al.3, nor will it be dealt with 
as a separate type in this paper. 

The coat of crinkled mice consists en- 
tirely of awls. The development of the 
condition is accounted for by the failure 
of hair follicles to form between 14 and 
17 days gestation and by a similar failure 
after birth. The coat of crinkled mice 
consists entirely of awls because these 
are the hairs formed between 17 days 
gestation and birth*. These awls are, 
however, histologically abnormal. The 
number of rows of medullary cells is not 
constant throughout the length of each 
hair. 

Fuzzy (fzfz) is also an autosomal re- 
cessive gene of the house mouse de- 
scribed by Dickie and Woolley’. Ani- 
mals of this genotype have curly coats 
which have been reported to contain 
“zigzag combinations”, quite different 
from any of the four types described by 
Dry?. 

If the fuzzy condition results in the 
absence of all hair types except those 
of the zigzag type, this gene would form 
a rough counterpart to crinkled. The 
double recessive (crcerfzfz) should, there- 
fore, be completely naked*. It is also 
possible that rather than eliminating all 


THREE HAIR TYPES 
Figure 4 


A and B—Dorsal and ventral 
crinkled, fuzzy and crinkled-fuzzy mice at 3% 
months of age. Note reduction in the number 
of ventral hairs in the crinkled and crinkled- 
fuzzy mice. The crinkled and crinkled-fuzzy 
mice are black and the fuzzy mouse is leaden. 


aspects ol 


hair types except zigzags, the fuzzy con- 
dition might alter the morphology of all 
hair types so that they resemble the zig- 
zag combinations reported by Dickie and 
Woolley'. The purpose of this investiga- 
tion was to make the necessary crosses 
to obtain the double recessive (crerfzfz) 
in order to determine whether the fuzzy 
condition can be characterized as having 
only zigzag hairs. 


*The Wistar Institute of Anatomy and Biology, Thirty-sixth Street and Spruce, Phila- 
delphia 4, Pennsylvania and the Roscoe B. Jackson Memorial Laboratory, Bar Harbor, Maine. 
Aided by a grant to the Jackson Laboratory from the American Cancer Society. 





Silvers and Lane: Crinkled-Fuzzy 


Mouse 


CRINKLED, FUZZY AND CRINKLED-FUZZY 


Figure 5 


Crinkled, fuzzy and crinkled-fuzzy littermates at 19 days of age 
growth and the naked appearance of the double recessive 
The crinkled mouse 
could 


mal did exhibit a very short pelage 
. ] 


coat color of the crinkled-fuzzy animal 


Materials and Methods 
Dickie Woolley! reported that 
there had been two noticeable changes 


in the gross appearance of the fuzzy coat 


and 


from the original type called “standard 
fuzzy.” One change involved an intense 
curling of the hairs; the other increased 
the heaviness of the coat. No doubt these 
the result of the ex- 
pressivity of the fuzzy character on a 


variations were 
heterogeneous background. These three 
fuzzy types have subsequently been se- 
for and maintained as three differ- 
ent type 
has been backcrossed for six generations 
into C57BL/6 animals and it is this type 
with which we are concerned. 
\ standard fuzzy (fzfs) female was 
mated with a crinkled (crcr) male. The 


lected 
The “standard fuzzy 


stocks. 


Note the retardation 
At this stage the crinkled-fuzzy 
is leaden and the fuzzy mouse | 


not be 


determined when the ph 


F, animals from this cross were mated 


inter se and the segregant crerfzfz mice 


were obtained. Dorsal hairs were plucked 
from both parental types andthe Fy. 
crinkled-fuzzy mice. In 

of the snout region were plucked from 
the double re 


t 
addition, hairs 
cessive, since in 
crerfzfz animals this region exhibited the 


young 


longest and heaviest pelage. The hairs 


were prepared for microscopic examina- 


tion by the method of Russell’ 


Results 


Crinkled, fuzzy and crinkled-fuzzy mice are 
shown in Figure 4. We were able 
the results of Falconer ct a/.° on the hair type 
of crinkled. This condition is characterized by 
the elimination of all hair types except awls 
The awls of crinkled mice differ from awls 
normal mice in that number of rows 
medullary cells is not constant in the 


to connhrm 


the 


ilways 
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main part of the shaft. Very few regions of 
crinkled hairs are more than two medullary 
cells in diameter and none appeared to be 
more than three. Many normal awls have 
regions which are four medullary cells in 
diameter at the broadest part. The hairs of 
the standard fuzzy coat were of the five types 
described by Dickie and Woolley!. In general 
the hair is much thinner than normal and 
faintly wavy. Some hairs were found contain- 
ing regions which were two medullary cells 
in diameter with no constrictions indicating 
that the fuzzy animal may contain modifications 
of hair types other than the zigzag which has 
only a single row of medullary cells with sev- 
eral constrictions. This was borne out by the 
fact that the double recessive, crerfsfs, was not 
hairless, exhibiting hairs on both the dorsum 
and ventrum (see Figure 4). As in the case 
of crinkled animals the ventrum contained 
much less hair than the dorsum. The crinkled- 
fuzzy mice displayed a slower growth rate 
than their crinkled or fuzzy littermates. The 
delayed eruption of hairs through the skin was 
very conspicuous. The growth of hair follicles 
was much more retarded than in the case of 
crinkled (Figure 5). The hairs plucked from 
the dorsum were very uniform. Microscopical- 
ly dorsal crerfsfs hairs had a single row of 
medullary cells with no constrictions. Hairs 
plucked from ‘the snout region were either 
similar with those found on the dorsum, or 
resembled the hairs of crinkled animals since 
some contained regions which varied from one 
to two medullary cells in diameter. 
Discussion 

Animals of the double recessive, crerfzfz, 
exhibit a pelage and therefore it does not seem 
possible that the fuzzy condition results in an 
elimination of all except zigzag type hairs. 
Moreover, the hairs which are found in the 
double reecssive are most probably modified 
awls since crinkled eliminates the other hair 
types. Awls are much more numerous on the 
dorsum than on the ventrum and this is un- 
doubtedly responsible for the sparseness of 


hairs found on the ventrum of crinkled and 
crinkled-fuzzy animals. The uniformity of dor- 
sal hairs on the crerfsfs animal is a further in- 
dication that only one hair type, presumably 
awls, is present. These presumed dorsal aw!s 
are very different from both normal and crin- 
kled awls. Some of the hairs located on the 
snout of crinkled-fuzzy mice are more similar 
to those present in crinkled animals. The fact 
that one double recessive affects the growth 
rate of the animal and the growth of hair fol- 
licles is interesting as it indicates genic inter- 
action leading to pronounced pleiotropic effects. 
This deserves further investigation. 
Summary 

The question of whether the recessive gene, 
fuzzy, eliminates all hair types except zigzags 
was put to a genetic test by obtaining crinkled- 
fuzzy mice. Since crinkled eliminates all hair 
types except awls, the double recessive animal 
should be naked if animals of fuzzy genotypes 
contain only zigzags. The double recessive 
(crerfsfs) contained hairs which although 
generally different from normal or crinkled 
awls were assumed to be of this hair type. 
It is concluded that fuzzy animals contain more 
hair types than zigzags. 
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INDUCED MUTATION OF POLYGENES FOR 
QUANTITATIVE CHARACTERS IN RICE 


Hiko-Icur OxKa, Jiro HAyAsHI AND IsAMU SHIOJIRI* 


UTATION of the so-called poly- 
genes for quantitative characters 
might be a problem of wide 

interest for both geneticists and plant or 
animal The present writers 
tried to approach this problem from an 
irradiation experiment with a pure-line 
of rice (Orysa sativa L., a self-fertilized 
plant). The conclusion reached is that 
X-ray irradiation increases genetic vari- 
ability, while the mean value of the ir- 
radiated populations remains unchanged, 
possibly due to the symmetrical occur- 
rence of mutations with plus and minus 
phenotypic effects. 


breeders. 


Materials and Methods 

A pure-line of the variety “Kissin” (a 
commercial variety in western Japan), 
which was obtained by repeated. self- 
fertilization from a single plant, was 
used. Seeds of a plant of the pure-line 
were divided into three parts; two of 
them were X-rayed at a dosage of about 
6,000r (called XA-plot) and 12,000r 
(XB-plot) respectively, and the remain- 
ing one was left as the control. 

The three plots were propagated in 
hulk from X, to Xq in order to permit 
some of the mutations to become homo- 
zygous. The number of plants per plot 
was about 500. During these four gen- 
erations, plants with any recognizable 
change, such as sterility, dwarfism, etc., 
were removed from the plots and were 
used for other purposes. Thus, only the 
plants with the normal appearance of 
the variety were retained in the popula- 
tions. 

Eighty X4 plants were taken at ran- 
dom -from each plot, and in the next X; 
generation, 75 of them were raised in 
pedigrees. They were tested by a split 


ot 


*National Institute of Genetics, Mishima, Japan (senior author), a 
Agricultural Research, Kurashiki, Japan, respectively. 


plot design (the main plot being the 
irradiation classes) with three replica- 
tions. Each line (sub-plot) consisted of 
ten plants. Heading date and_ plant 
height were measured individually, but 
calculation was made on line mean basis. 

In order to examine the effect of selec- 
tion, ten extreme lines were 
(by line means averaged on three repli- 
cations ) in both high and low directions 
for each character from each irradiation 
class, and one plant was taken from each 
of the selected Their 
(Xe) were tested again by a similar 
split plot experiment with three replica- 
tions. 

The X-ray treatment was made in 
1951 in National Taiwan University in 
Taipei, and the bulk populations up to 
X, were grown in Taiwan Provincial 
College of Agriculture in Taichung, For- 
mosa. The field experiments were car- 
ried out in 1955 and 1956 at the Ohara 
Institute of Agricultural in 
Kurashiki, Japan, while calculation was 
done at the National Institute of Genet- 
ics, Misima, Japan 


selected 


lines progeny 


» ~ 1 
Research 


Presentation of Data 
® 


The mode of frequency distribution in 

heading date and plant height 
The frequency distributions of line means 
averaged on three replications were examined 
A normality test was made first in order to 
confirm the continuity: of distribution. 

As shown in Figures 6 and 7, 
distributions gave good fits to the normal dis- 
tributions which had derived from the 
mean values and variances of the samples 
Only a few lines outside the calculated normal 
distributions were eliminated from the popu- 
lations to be studied. In plant height, all of 
the eliminated lines were dwarfs, while in 
heading date, they were either earlier or later 
than those within the range of normal distri 
bution. 


the observed 


been 
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for the kind 
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X-RAY AND CONTROL FREQUENCIES 

Figure 6 

Frequency distributions of line means in 
X-rayed and control plots for heading date 
(abscissa—days in September; ordinate— 
number of lines; histogram—observed; curve 

calculated normal distribution). 

The mean values and standard deviations 
found for each plot are given in Table I. It 
was found, as the data in Table I show, that 
the two irradiated and the control plots gave 
approximately the same mean, but they differed 


in variability; the XB-plot (12,000r) showed 
the largest, the XA- plot (6,000r) intermedi- 
ate, and the control the smallest standard 
deviation in both characters investigated, and 
the differences among them were statistically 
significant. 


2. Estimation of genetic and environmen- 
tal components of variance 

The results of variance analysis of the data 
for X, lines are given in Table II. As seen 
in the table, it was found that variances of 
line means were statistically significant in all 
plots, although the irradiated plots tended to 
have larger F values than the control 

The values of genetic and environmental 
components of variance calculated from the 
data in Table II, in terms of the values to be 
expected. on an individual plant basis, are 
given in Table III. It is recognized in Table 
III that the genetic component, although 
smaller than the environmental component, 
tends to increase with the dosage of X-rays 

Assuming that the increase of genetic vari- 
ance due to radiation .is proportional to the 
dosage, the rate of increase per kilo-roentgen 
was computed as shown in Table III. If 
pressed as an increase of standard deviation, 
the rate is approximately 0.124 days/Kr for 
heading date, and 0.29 cm/Kr for plant height 


cA 


3. A selection experiment 

As has been stated, ten extreme lines were 
selected in both high and low directions for 
each character from each of the irradiation 
and the parent-offspring regression 
was calculated for each of them. The herita 
bility values thus found for both heading date 


classes, 


TABLE I. Mean values and standard deviations in X-rayed and control plots 


a) Plot means fe 


Mean value Aver- 
2 age 

8.07 
8.19 


8.56 8.52 


R85 
8.19 


b) Plot means for plant height (cm) 


112.4 
112.3 


113.4 


113.6 
114.4 
113.4 
c) Variance analysis of the data 


-ading date 


Mean 


plication 0.193 
reatment 0.165 
irror 0.175 


’ ons eo 
*Between 1% and 5% levels of significance. 
of 


**Beyond 1% level significance. 


r heading date (days in September) 


Standard dev. 


Standard deviation 


> 
524 
606 


OS 


.661 


578 


? 006 


it height 


Mean Standarc 


1.019 
0.402 
0.340 


0.0195 0.053.7 
0.017,2** 


0.001,3 


O.09 


oO" 


8 


2 
3 
~ 
2 
4 


0.01 





Oka el al, PY 


CONTROL 
MEAN = 112 99 
Py 732 
= 1.466 
. >0.80 





X-A(6,000r) 


MEAN=113 53 
¢=1.852 
x= 1.188 
P 0.70 


20 X-B(12,000r) 
MEAN =113.59 

és 2.076 

x722.779 

10 P>0.70 
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PLANT HEIGHT 








Figure 
distributions of line means 
plots for plant height. 
ordinate—number 


*requency 
rayed and control 
height in cm; 


scissa 


1 
lines, } 


and plant height given in 
Che statistical significance of 
values given in Table IV was obtained 
the significance of regression coefficient. The 
shows that in plant height selection was 

only in the X-rayed plots, and in 
date it was effective in all plots, 
X-rayed had higher values 
The existence of significant 
control plots might be ex- 
increase of genetic varia- 
spontaneous mutations 
or residual hetero- 


Tabla IV. 
htritability 
from 


table 
effective 
heading 
though the 
than the control 

heritability in the 
plained by natural 
possibly due to 


bulk propagation 


mes 


bility 
during 
geneity 


TABLE II. 


X-A 
r 


6,000 r) 
X-B 
( 12,000 r) 


*Between 


** RD 


ey 


Induced Mutation of Polygenes 


Discussion 
knowledge that quantita- 


It is our present 
generally controlled by the 


tive characters are 
so-called polygenes, which are a series of 
genes whose individual effect is smaller than 
the range of environmental variation. They 
are considered to be of great importance in 
breeding and in evolution of plants and ani- 
nals. However, how the polygenes respond 
to irradiation seems to have unex- 
plored problem. Irradiation experiments with 
crop plants have been carried out mainly for 
breeding purposes. Though mutants are mostly 
deleterious, successful results in finding 

reported by 


mutations” have been 

barley, Gregory? in 
and others Polygenic mutations 
been involved in the induced ge- 
with in these works. 
individuals 
moved 


been an 


Nariel 
several 
workers: Gustafsson? in 
peanuts, 
might 
netic 
In the prenen 
with recognizable 
only the coming 
normal distribution were used for 
experimental field to be 
and uniform. Therefore, 
genetic variability 
should be 
mutations. As 


have 
bil lealt 
variability dealt 
experiment, all 
changes were r 
lines within 
study. 


appeared in the 
pletely normal 
increase ot detected in 
experiment 


polygeni 


present considered 
be due to j 
experiment goes, 

The population 
genetic variability 


due to irradiatior 


conclusio1 


present 
rather 


change, while 
1 


simple mean does not 
within the 
increases Chis 
that by 
and minus 
both directions 

that mutat 


mostly 


populations 
may 
mutations with plus 
equally frequently in 

It is well known, in 
in the so-called ma 
about a break-down ot 
way, and a skewed phenotypic variatio 
If our finding for polygeni 


augmentation 


irradiation polygeni 


effects 1 


suggest 


mtrast, 
genes 


some metaboli 


the symmetrical 
variation may be considered to be ch aract risti 


polygenes for a quant! tative 
Burdick of Purdue Uni- 


writers (Oka) 


of mutations in 
character. Dr. A. B. 
versity kindly told one of the 
that in his unpublished data with Drosophi 
found a symmetrical 


he has also increase of 


Analysis of variance of line means in X-rayed and control plots 
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variability in quantitative characters due to 
irradiation. 

Clayton and Robertson! reported that in 
abdominal chaetae number of Drosophila, X- 
rayed populations showed greater responses 
to selection in both high and low directions 
than non-X-rayed populations. They com- 
puted the increase of genetic variance from 
the heritability values obtained from the data. 
It was pointed out by Scossirolit that popu- 
lations of Drosophila that had reached a 
plateau responded again to selection after 
irradiation. These experiments indicate that 
polygenes mutate due to radiation, resulting 
in an increase of genetic variability. 

In these as well as our experiments on poly- 
genes, however, it seems difficult to estimate 
the number of related and their in- 
dividual effects on phenotypic expression. It 
is then difficult to measure the mutation rate 
for individual genes. As pointed out by Clay- 
ton and Robertson! dealing with quantitative 
characters, the rate of increase of 
variance may stand for the mutation rate for 
genes with major effects. Our estimate of 
rate is given in Table III, in terms of 
the rate of increase per kilo-roentgen. 

Theoretically, the increase of genetic vari 
ance may be accounted for as kud*, where k 
is the number of relevant loci, u is the aver- 
age mutation rate, and d is the average in- 
dividual effect. The mutations dealt with in 
the present study were unrecognizable in the 
experimental field. We may take the average 
effect d to be one-half of the standard devia- 
tion for environmental variance. Then assum- 
ing 100 loci, we find the mutation rate to be 
24 104/Kr for heading date, and 1.4 


genes 


genetic 


this 


TABLE III. Genetic and environmental components 
of variance to be expected on an individual plant basis 


Plant height 


(cm) 


Heading date 


(day) 

2.567 24.594 

Control 0.084 0.59] 
X-A (6,000r) 
X-B (12,000r) 
Rat fi 


per 1.000; 


0.176 0.776 
0.268 1.917 
increase 


> 


0.015,3 0.083,9 


IV. Heritability values estimated from 


selection experiment 


X-A 


0.201** 


0.106 


0.2 39** 


0.296** 


104/Kr for plant height. These values might 
be rather comparable with the mutation rates 
so far known. 

Summary 

Three experimental populations, control and 
two X-rayed (6,000r and 12,000r), were pre- 
pared from a pure-line of rice. They were 
propagated in bulk up to the X,, and during 
these generations, plants with any recogniz- 
able change were removed from the popula- 
tions. Seventy-five X,~ lines were raised by 
random sampling from each population, and 
were investigated by a split plot design experi- 
ment with three’ replications regarding head- 
ing date and plant height. Measurement was 
taken on an individual plant basis, but line 
means were used for calculation. 

In each plot, lines coming within the nor- 
mal distribution calculated from the mean 
value and variance of the samples were used 
for study. They appeared in the experimental 
field to be quite normal and uniform. It was 
pointed out that the three plots, control and 
two X-rayed, did not differ significantly in 
mean value, while the variability within plots 
due to irradiation. This 
with plus and minus effects 

approximately equally _ fre- 
increase in variability 
was computed from the component analysis 
of variance, and was given in 
rate of increase of genetic variance 
roentgen. 

Ten extreme lines were from 
X.~ populations in both plus and minus 
tions for each character, and the des 
X,, lines were tested again with three replica- 
tions. Plots which had received higher dosage 
of X-rays tended to have higher heritability 
values. 

It was concluded that, as far as the present 
study goes, mutations of the led poly 
genes brought about a symmetrical 
of variability in both high and low directions 


increased suggests 
that mutations 
have occurred 
quently. The genetic 


terms of the 


per kilo- 


selected 


increase 


Literature Cited 
Muta- 
Vat. 84: 


1. Crayton, G. and A. Ropertson 
tion and quantitative variation. im. 
151-158. 1955. 

2. Grecory, W. ¢ Induction useful 
mutations in the peanut. Genetics m Plant 
Breeding, Brookhaven Symposia in Biolog) 
9 :177-190. 1956. 

3. GustaFsson, A. New genes and chromo- 
Proc. 1X In 
Bella it 


somes in agricultural plants. 


Congress of 


ternational Genetics, 
1953. 

4. Scossrrour, R. E. Effectiveness of arti- 
ficial selection under irradiation of plateaued 
populations of D. melanogaster. Proc. Symp. 
Genetics of Population Structure, Pavia :42-66 
1953. 





LYSENKO AT BAY 


THEOoposIus DopzHANSKY* 


\ILURE to recognize that the be- 

havior of people is liable to be tanta- 

lizingly self-inconsistent easily leads 
to misconception. The elevation of Ly- 
senko to dictatorship over Russian biol- 
ogy and agriculture seemed to many a 
proof of collapse of all science in Russia. 
Could anything but degradation result 
from replacement of science by quackery 
in the direction of biology and agricul- 
ture? 
been committed in biology and agricul- 
ture, could reason prevail in other fields ? 
The disrepute which Lysenko brought 
on Russian science will not soon be for- 


If a blunder so egregious had 


gotten. And yet a series of events, cul- 
minating thus far in the launching of 
artificial satellites, have shown that Ly- 
senko is not a fair indicator of the level 
of Russian science as a whole. A prom- 
inent American sud- 
denly discovered that “Russians, man for 


scientist has now 
= | 4 mn ~ 99 

man, are as educable as Americans are. 
The high physical and 
engineering sciences in Russia is evident- 


standing of 


ly not incompatible with Lysenkoism. 
To be sure, Lysenko is no longer the lord 
that he once was; but neither is he hors 
de combat. His rise, beginning about 
1930, was due to the increasingly deter- 
he received from 
He never had any 


mined backing which 
political authorities 

support from scientists, since not much 
understanding of biology was needed to 
recognize the spurious nature of his pre- 
tended However, no criti- 
cism was permitted, and in August of 
1948 Lysenko uttered the proud words: 
“The Central Committee of the Party 
has examined my report and approved 


it 


discoveries 


Lysenko’s uncontested reign lasted 
less than four yee The first, very ten- 


tative, dissent appeared in 1952 in Bo- 


irs 


*Department of Zoology, Columbia University, New York 27, 
Hier et 


+Prenant, Marcel. Biologie et Marxisme 
review in the Journal of Heredity, 40:78-79 
logiques. / -ensée 72 1957. 

tLysenko, T 
8th, 1957. 


23-26. 


15 


Theoretical attainments of agricultural biology 


tanichesky Zhurnal, a botanical periodi- 
cal published by the Academy of Sci- 
ences of USSR. Since then, many critics, 
in this and in other publications, 
pretty well demolished the whole “pro- 
gressive Michurinist biology.” This is, 
of course, not difficult to do, provided 
only that those who undertake the un- 
pleasant task can express freely their 
opinions. That this is 
evident from reading even the most out- 
spoken criticisms. yet published 

USSR. Michurin remains an indisputa- 
ble authority, and rather pathetic at- 
tempts are usually made to show that 
Lysenko did not Michurin as 
fully as he rather than 
to question Michurin’s own dicta. It is, 
therefore, only natural that outspoken 
refutations of the sacred doctrine 
of Michurinism-Lysenkoism 
published by communist authors on this 
side of the Iron Curtain. Thus, Profes- 
sor Marcel Prenant, the author of “Bi- 


ologie et Marxisme,” who for a time oc- 


have 


not the case is 


follow 


should have done, 


once 


Ree 1 ~* 
nave € CT] 


cupied a somewhat equivocal position 
with respect to Lysenko’s claims, has 
now made a clean break with Lysenko- 
ism.7 

however, not a man to 
defeat without last ditch 
In a article in the 
Tsvestia, he makes a bid for rein- 


Both the 


Lysenko is, 
accept resist- 


ance. official 


long 
organ, 
statement in the official favor.t 
contents and the form of this article give 
unusually clear insights in the workings 
of the mind of a high Soviet official des- 
perately fighting for his position of 
power. 

The gist of Lysenko’s argument, re- 
terated again and again throughout the 
ng article (almost a page in the 


the “Mi 


practical 


} 1 1 

whoie i 
?} 

O-page tnat 


churinist doctrine” is helpful to 


new spaper ), 1S 


New York 
Aujourd’hui, Paris 
Prenant, Marcel 


(see my 


(1948) 


| srobl = 
Cs pro Weems NO 


1949) 


No 


290, December 
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agriculture, while genetics is allegedly 
worthless in this respect. “For example, 
it is very important to know whether it 
is very important to know whether it is 
possible to control the heredity of agri- 
cultural plants and animals. Can one 
modify it in the direction of usefulness? 
The classical genetics, which is the Weis- 
mannian genetics, gives a clear answer: 
It is not possible to obtain directional 
changes in the heredity of organisms. 
Michurin, and his Michurinist followers, 


on the basis of the materialist under- 


standing of living nature, maintain that 
directed changes of heredity can be ob- 


tained... . 

It would be too much to expect most 
readers of /svestia to be able to detect 
the adroitly concealed deception in the 
above statement. Directed mutations in 
agricultural plants and animals are not 
yet within reach, but surely no geneticist 
has ever doubted the possibility of modi- 
fying the heredity of these organisms in 
the direction of usefulness by scientifi- 
cally conducted selection, aided by hy- 
bridization and perhaps by mutation to 
increase the genetic variance. This is 
precisely what scientific plant and ani- 
mal breeders are doing, and with no 
mean success. 

The genteel art of quoting out of con- 
text whatever suits them, and interpret- 
ing the quotations without regard to 
their authors’ meaning, has been success- 
fully used by Lysenko and his followers. 
The Master has not yet lost his art. We 
read in Lysenko’s article that the emi- 
nent Swedish geneticist Gustafsson fa- 
vors scientists concealing some of their 
findings, while the French biologist Jean 
Rostand is represented, on the contrary, 
favoring full publication and wide dis- 
semination of scientific facts, no matter 
how embarrassing they may be. What 
Gustafsson actually wrote is that outside 
Russia anybody who would publish any- 
thing like Lysenko’s “theories” would 
be laughed down, and Rostand expressed 
grave doubt about the validity of Lysen- 
ko’s alleged discoveries. 

I. M. Lerner, the California geneticist, 
is quoted as follows: “It is perfectly 


clear that if these experiments [on ‘vege- 
tative hybridization’ in poultry] could 
be repeated on pure-bred material out- 
side the territories of the Soviet Union 
and of its allies, then no geneticist any- 
where will be able to deny Lysenko’s 
theories.” The condition made by Lerner 
is, of course, highly unreasonable ; how- 
ever, it has been fulfilled anyway by the 
recent experiments of Benoit in France 
on the induction of mutations in ducks 
by DNA transforming principles. It is 
again safe to assume that a great ma- 
jority of the readers of /svestia will not 
know that Benoit’s experiments are 
themselves in need of verification, and 
that Benoit’s results have anyway not 
the remotest bearing on the kind of 
“vegetative hybridization” which Lysen- 
koists have claimed to have made in 
poultry and elsewhere. But Lysenko 
understandably dislikes to mention that 
extensive and careful repetition of his 
experiments by Stubbe, in East Ger- 
many, has wholly failed to confirm the 
results by Lysenko. 

Hybrid corn remains, to date, the most im 
portant practical attainment of genetics, Here 
Lysenko has to tread gently, for this product 
of bourgeois genetics has won the favor of 
some very powerful persons in USSR. So, 
Lysenko uses for an ally none other than 
the distinguished American corn geneticist 
F. D. Richey! The initiation of the work on 
hybrid corn is rightly credited to the late 
G. H. Shull, but Shull’s interpretation of 
heterosis was, according to Richey, non- 
Mendelian. Q. E. D.! Purely as a sleight of 
hand this trick is well done! 

The true nature of heterosis has been dis 
covered, according tto Lysenko, by the Mi- 
churinists. In Lysenko’s crystal clear language 
the discovery is described thus: “In the 
Michurinist biological doctrine the viability 
is understood to be a result of the contradic- 
tions in the living body. The degree of the 
contradictoriness, and hence of the viability 
of a living body, depends to a certain extent 
on the degree of the qualitative oppositeness. 
On this foundation, various methods of in- 
creasing the viability of plant and animal 
organisms have been and are being developed.” 

No less impressive is the solution of one 
of the basic problems of theoretical biology 
the problem of species. This is as follows: 
“On the basis of the modified and deepened 
materialist elements in the teaching of Darwin, 
the biological teaching of the Michurinist 
school has discovered that all biological spe 
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cies are qualitatively determined links of living lucky ones who will be able to survive 
nature, which live and develop on the basis the resources available. This may seem to 
of a single law of the life of species. The Lysenko’s one original idea, though a n 
essence of the law of life of biological species strange one for a professed materialist 

is manifest in the directedness of life processes Prenant has pointed out in the article 
towards increasing the living mass, not the above that this idea was debated by Bernardin 
living mass in general but that of a given de Saint Pierre, one of most extreme teleolo- 
concrete species. Hence, in a normal, non- gists of the eighteenth century. This does not 
pathological, living body all the structures and mean that Lysenko consciously plagi 
states, all the properties and processes, all the from Butler, Semon and Bernardin de 
diverse requirements of living conditions, all Pierre. Most likely he never heard 

the diverse reactions on the influences of the names. Neither was he necessarily a plag 
1ot-needed, foreign, conditions of the external when he announced as his own idea Darwin’s 


environment—all i In various ways di long since disproved 


+ 


agiarist 


; ‘provisional hypotl 
rected towards increasing the mass of this of pangenesis.” But these coincidences 


given, concrete, | 


iological species, even if this characteristic. What they do mean is 
shortens the life of a given concrete individual, | ysenko's “progressive jiology” stands 
and even if this results in its natural death.” Jeye] of understanding of nature charac 
Some leaders of the /svestia will perhaps be of the nineteenth, or even the 
impressed by the depth of this deepened teach- centuries. As pointed out particul 
ing, though others may wonder why it needs way Zirkle, the belief that acquired ch: 
ve stated with 
ence. But probabl scientific facts 
hidden under the verbiz Even at the be-  Jore 
rinning of Lysenko’s fame, the late G. B. 


haw proclaimed, possibly with tongue in 


such grammatical a are inherited is not a generalization 
y not many will see what is but a par pre-scient 
During the years of 


Lysenko was careful 


a 


cheek, that the vaunted dialectical materialist 
Lysenko was really a disguised vitalist. Shaw 
was closer to the truth than he may have ; 
realized. Lysenko’s “single law of the life « ; vested interest fh 
species” is a restatement of his two startling tollowers do their est tO St 
overies first announced apparently in 1945, " sake of their owt 
ne discovery was that the organism pos- 
sesses a sort of an unconscious racial memory, 
which enables it to draw from its environment 
t those materials (or “conditions” as Ly- ; 
ko prefers to call them) which enabled its ‘#5 learned w 
ancestors to develop successfully. This notion 
was propounded some 80 years ago by Darwin’s the “progressive 
ritic Samuel Butler, and especially by the not surprising 
German vitalist R. Semon early in the current command space 
century longer able 
Lysenko’s second discovery was his denial of Lysenkoism 
of competition between individuals of the same people even 
species. Conspecific individuals do not act as vf the world 
each other’s rivals even when the population can be substitute 
food supply become limiting of repression, 
in survival. Most individuals allegedly cannot stand « 


fluential posts in acaden 
ind agriculture witl 
1 


propaganda machit 
suaded masses 
innovator in 


jus leroic proportions 


from books and 


sacrifice themselves in favor of one or more Lysenko is 





TRACER STUDY OF POLLEN-TUBE 
GROWTH IN CROSS-STERILE MAIZE 


L.. R. House anp O. E. NELson, J]R.* 


HE fourth chromosome gameto- 
phyte locus (Ga;) in maize has 
been the inost extensively studied 
of the 
Ga, gametophytes have almost a com- 
plete advantage over ga gametophytes in 
effecting fertilization when both types 
Gay ga 


seven gametophyte loci known. 


are competing on Ga;/Ga, or 
plants. Emerson was the first to identify 
this gametophyte factor*, and he reported 
that the gametophyte locus was linked 
to the sugary locus with 28 percent re- 
The possible mechanisms 
pollen-tube 


combination?, 
of action of differential 
growth were first considered by Man- 
gelsdorf and Jones® and Mangelsdorf*. 
Demerec* reported a case where ga pol- 
len failed to induce seed set even in t! 
absence of competing gametophytes. 
Schwartz® working with a case similar to 
that of Demerec concluded that there 
was a third allele Ga‘ at the Ga, locus. 
On Ga'/Ga’ plants ga gametophytes fail 
to induce a seed set. Schwartz demon- 
strated that ga pollen grains did germi- 
nate on Ga‘*/Ga’ styles and grew into 
the style. Nelson® extended these ob- 
servations showing that ga anda’ pollen 


ie 


grains both germinated at the same rate 
on Ga‘/Ga’ styles and that growth into 
the styles was similar as far as could be 
followed (into the vascular strands trav- 
ersing the length of the silk). Nelson 
presented evidence ruling out the possi- 
bility that after an incompatible pollina- 
tion fertilization failed at the ovule or 
that the developing zygote collapsed. He 
believed that the sterility reaction was 
one between the diploid style and haploid 
pollen-tube and suggested that the steril- 
ity reaction might involve nutritive diffi- 
culties or be of an immunological type; 
i.e., antibodies are formed in response to 
an antigen introduced by the pollen-tube. 


*Purdue University, Agricultural Experiment Station, Lafayette, Indiana. 
No. 1198. A portion of the thesis submitted by L. 
sity in partial fulfillment of the requirements for the degree, Doctor of Philosophy. 


A cytological examination as an aid 
in studying the physiology of pollen-tube 
development is tedious’. The following 
includes a description of an autoradio- 
graphic technique used to study the de- 
velopment of Ga’ and ga pollen-tubes in 
Ga‘ /Ga’-styles. 


Materials and Methods 


The cross-sterile stocks (Ga‘/Ga’ ) 
used as seed parents were the popcorns 
1001-52 in the 1955 field planting, and 
(842-L & D3-6) in the 1953-54 green- 
The inbred 1001-52 
is a Hulless type; 842-L is from Ohio 
Yellow and D3-6 is a South American 
inbred. Radioactive pollen parents were 
1001-52, Hy, and P51 in the field plant- 
ing, and (842-6 & D3-6) and US 13 in 
‘he inbred Hy is from 
d dent corn, P51 is a 
S 13 is a dent hybrid; 


house experiment. 


the greenhouse. 
Illinois High Yiel 
U 


sweet corn an 
these three types are ga/ga in constitu- 
tion. 

High specific activity phosphorous-32, 
a beta emitter, was used as the pl 
phate ion in dilute hydrochloric acid 
The dose of the isotope administered to 
the plant varied with the plant size ; those 
less than five feet received one-half milli- 
curie while those greater in height than 
five feet received one millicurie. Using 
such dosages the activity of the pollen 
obtained should have more com- 
parable than if the dose had been con- 
stant. The radioactive solution was in- 
jected froma radiation-protected syringe 
into a well bored into the plant stem just 
below the ear-bearing node. Injections 
were made just as the tassels first began 
to shed pollen. 

Activity in the pollen was first record- 
ed about 25 hours after injection and 
then rose rapidly (Figure 8). Pollen 


pNnos- 
i 


been 


Journal Paper 
R. House to the faculty of Purdue Univer- 


Apprecia- 


tion is expressed to the Purdue Research Foundation for support of this project. 


18 





House and Nelson: 





eeehetit tS er wows = 
PHOSPHOROUS-32 ACCUMULATION 
Figure 8 


t 


Accumulation of phosphorous-32 in the pol- 
tted as counts per minute per 50 milli- 
time in hours 
after injection of the phosphorous. 


len pit 
grams of pollen against the 


was sufficiently radioactive for use two 
plants were injected. The 


of the pollen continued to 


day s after the 
radi activity 
] 9g as the tassel shed, 
minute 


but never 
exceeded one count per per 
pollen grain. 


dusted onto an 
by cutting 


Radioactive pollen was 
even “brush” of silk obtained 
he silks back to the husk tip the day 
pollination. Germination and 
pollen-tubes in the style 
varying 
After a 
Was 


befe re 
erowth of the 


pr ceed for 


was allowed to 


periods of (see Table I). 
time interval the 


and the “brush” of silk again 


] time 
designated ear 
harvested 
: — a k tip in order to pre- 
cut back to the Nusk tp in order to pre 
vent “hot” pollen from 


contaminating stvlar material from husk 


ungerminated 


tip to ovule when the husk was cut open. 
dee - 
We lore the 


with ovules and silks attached were re- 


sha] ed sections of cob 
moved from the ear in a place away from 
plants. The tissue was 


FAA (formalin, 


was tried as a_ killing 


radioactive 
illed by drying. acetic 
acid, alcohol) 
agent, but too much 
phorous occurred to afford satisfactory 
autoradiographs. The sections were laid 


leaching of phos- 


Ss 


out in a blotter paper press within a few 
} 
should 


tissue 


minutes of harvest, and killing 
have occurred after. The 
sections were allowed to remain in the 


1 


press until they were dry enough not to 


SOOT) 


adhere to the X-ray film. 
The sections were mounted on 14 * 


Radioactive pollen 
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17 inch glass plates using shellac diluted 
with two or three volumes of alcohol as 
the adhesive. The glass plates were 
placed in direct contact with the X-ray 
film. Exposure was allowed to proceed 
for six weeks. 

Results and Discussion 


The length of the white streaks on the pho- 
tographs (Figures 9 and 10) are proportional 
to the distances which the pollen-tubes grew in 
the sections of style sampled. Phosphorous-32 
is distributed along the whole length of the 
tube. The streaks were measured and a correc- 
tion was made for the length of silk removed 
before opening the husk. The I 
measures for each ear was obtained, and the 
weighted mean for all ears sampled for each 
collection time is presented in Table I 

The variation within a sample is on the 
average rather small, one standard deviation 
heing in the neighborhood of 2.0 millimeters 
However, the variation r 
each time period 1s 
served in tl 
cause of the high variation it 
nature 
reaction 


means of the 


between sam 
large 

1e range column of 

to suggest the several 

cross-sterility 
Two compatible crosses 

lows—1001-52 1001-52* (( 

and (842-] D3-6 

(td (a) m 


were 


1953 
} h 
etween these 

j Tf 


served 


results were poole 


* and incom- 
styles as deter- 
technique 


TABLE I. Growth of compatible (Ga 
patible (ga)* pollen-tubes in Ga* Ga 
mined by the autoradiographic 


m— hh toh 
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DEVELOPMENT OF POLLEN TUBES 


Figure 9 


Autoradiographs showing development 
tubes at two, 


s plotted against time in hours, the curve from 
the 2 to 8 hour period is linear. The slope of 
he curve indicates that the growth rate is 
about 12 millimeters per hour. The informa- 
tion beyond the eight hour period is unreliable 
because the pollen-tubes in many cases grew 
through the style (usually between 110 and 140 
millimeters) before the end of the growth 
period; therefore, these date are not presented. 
Two incompatible crosses were made, 1001- 

Hy* (ga/ga) or P51* (ga/ga) in 1955 
1 (842-L D3-6) & US 13* (ga/ga) in 
953, and as no differences in pollen-tube 
growth were apparent the results were pooled 
It can be observed from Table I that incom- 
vatible pollen-tube growth continued for about 
iour hours then ceased somewhere between the 
four and eight hour period. After four hours, 
the pollen-tubes averaged 19.0 millimeters in 
length, and the average of all values from the 
eight to the 48 hour period was 27.6 milli- 
meters. After eight hours no further growth 
was observed. It is also of interest to note 
that at no time did incompatible pollen-tubes 
m an average grow as far as the compatible 
pollen-tubes indicating that the growth rate 
of the incompatible tubes was seldom equal 
to that of the compatible tubes. Apparently 
the reaction resulting in sterility begins shortly 
after germination and inhibits growth more 
and more until development ceases. 

The inbred 1001-52 was pollinated on one 
day with nonradioactive ga pollen from either 
P51 or Hy. The following day the same silks 
were pollinated again, but with 1001-52* pol- 
len. The information available is scanty (Table 
II), but there are indications that the previous 
incompatible pollination had no effect on the 
subsequent compatible pollination. Whatever 


~v | 


*Radioactive pollen. 


vf pollen-tubes in Ga‘ /Ga 
four, and eight hour periods of growth. 


the nature of the antagonism resulting 

the sterility reaction, there is apparently no 
effect on compatible pollen-tubes growing in 
the style one day after incompatible poll 
tubes. 

In an experiment similar to the above, except 
that the second pollination was with ga* poll 
the results indicated (Table II) no signif 
differences between this type of cross 
type 1001-52 « ga*. The high variation 
short growing distance obscured 
differences that might be present 
one day after an incompatible poll 
is no'effect (as a result of the first pollinati 
on pollen-tubes of a second incompatible 
lination. 

The streaks on the photographs (Figures 9 
and 10) are much more pronounced in the case 
of a compatible pollination indicating th: 
greater number of pollen-tubes traversed 


1t 


TABLE II. Growth of compatible (Ga*)* and in- 
compatible (ga)* pollen-tubes in Ga*/Ga* styles one 
day after an incompatible pollination (ga) 
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*Radioactive poll 
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THREE GROWTH PERIODS 
Figure 10 


Autoradiographs showing development of pollen tubes in (4) Ga* pollen tubes, 16 h 
growth period. AB and (—ga pollen tubes, four and eight hour growth periods 


silk aiter a compatible pollination than after an Literature Cited 
incompatible pollination. Apparently the ma- | 
jority of incompatible pollen-tubes ceased de , ' 
too ; aa lee ho ing pollen tubes within the styles of Zea mays 
velopment very soon after germination i 10S- | ‘Stain Tech, 28:295-298. 1953 
phorous-32 in the ovules is apparent in the 
of Ga** pollinations after eight and 16 
hour growth periods (bright spots on the pho- 
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2. Demerec, M. Cross sterility in 
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3. Emerson, R. A. A possible case of selec 
Summary tive fertilization in maize hybrids. Anat. Re 
29 :136 (abstract). 1925. 
4. Relation of the differential 
fertilization genes, Ga/ga, to certain other 


\n autoradiographic technique has been pre- 
sented which has been of value in the study 
of the development of compatible (Ga‘) and 
incompatib!] pollen-tube o ino in 
I npatibdle (ga polien-tubes growing n — dans 
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genes of the Su-Tu linkage group 


The growth of compatible pollen-tubes ap 5. Lewis, D. Comparative 


to be linear with time and at a rate of in Angiosperms and fungi 
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pollination has no effect on pollen-tubes, either shiged cae 
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STUDIES ON DDT-RESISTANCE IN 
DROSOPHILA MELANOGASTER 


From the Viewpoint of Population Genetics 


Cuozo OsHIMA* 


HE results obtained by previous 

authors concerning the genetics of 

insecticide resistance in Drosophila 
disagree in some essential points. This 
may be partly due to differences in ma- 
terial and partly to methods used in their 
experiments. For instance, Tsukamoto 
and Ogaki!*:4:15 have concluded that 
DDT-resistance in D). melanogaster is 
controlled by a single dominant gene lo- 
cated on the second chromosome, while 
Crow!:?;3 and King®* maintain that 
many dominant and recessive factors 
located on almost all chromosomes are 
involved. 

In Drosophila no DDT-resistance as 
high as seen in the house-fly has been 
demonstrated and biochemical study on 
mechanisms of detoxifying the DDT ef- 
fect have not been performed. As Hos- 
kins and Gordon‘ have pointed out, vigor 
tolerance may have some relation to the 
resistance, in addition to specific factors 
which affect DDT-detoxification. The 


TABLE I. 


Mortality (9%) 


Original strain 


H (Hikone) 1.3 
K (Kanmurijima) 28.0 
C (Canton-S) 100.0 


Fi hybrids 


*Acting Head of the Department of Physiological Genetics, National Institute 


Misima, Sizuoka-ken, Japan. 


The percentage of mortality of each original and marker strains and their F: 


experiment described in this paper was 
carried out from the viewpoint of popu- 
lation genetics. The regression of resist- 
ance with relaxation of DDT selection 
and the interaction between genetic fac- 
tors related to resistance are discussed 


Materials and Methods 


Four strains, H, K, C and sca;ss", 
were used. Flies of the H-strain were col- 
lected in Hikone City in 1952 and have 
since been cultured in our laboratory. 
They have shown high resistance to 
DDT and also to several other insecti- 
cides. Flies of the K-strain 
lected in a small uninhabited island in 
the Japan Sea in 1951 and have been in- 
bred in our laboratory. Their resistance 
to DDT is moderate. The C (Canton-S ) 
strain has been kept over a long period 
of time in our laboratory and has been 
shown to be susceptible to DDT and also 
to some other insecticides. The sca ;ss" 
strain is homozygous for the recessive 


were col- 


hybrids 


Marker strain Mortality 


(%) 


1 72 
67.3 


Genotype 


of Genetics, 


This investigation was performed in the Genetical Laboratory, 


Faculty of Science, Osaka University and supported by a Science Research Fund from the 
Japanese Department of Education. The author wishes to express his thanks and gratitude to 


Dr. T. Komai and Professor J. F. 


. Crow of the University of Wisconsin for their valuable 
criticism and suggestions during the preparation of the manuscript and to Dr. T. 


Okamoto of 


the Department of Mathematics, Osaka University for his help with the statistical analysis. 
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mutant genes, sca (scabrous-rough eye) 
and ss* (spineless aristopedia-abnormal 
bristle and antennae) located on the sec- 
ond and third chromosome respectively, 
and shows a slight susceptibility. The 
comparative resistance of these strains 
is shown in Table I. 

As the first step in deriving experi- 
mental populations, crosses were per- 
formed as shown in the following mating 
scheme : 


(marker strain) 


sca 


1 
| 
i 


1 wild strain was crossed with the 

strain by mass mating and the 
following two generations 
were performed by single pair matings 
In the Fs. generation, four different 
phenotypes were obtained. The female 
flies, homozygous for sca on the second 
on the third chromosome and 
male flies, homozygous for one of these 


Eac 
marker 


crosses in the 


and ss the 


chromosomes 
other, were 
single pair mating. Twenty virgin fe- 
male flies carrying two mutant charac- 
ters and 20 male flies carrying one mu- 
from the Fs 


1 


and heterozygous for the 


chosen and crossed by a 


nt character generation 
introduced into a bel 
cage. These flies formed the 
ulation of the experiment. 
The cage had a cork bottom with four 


r 1 i 
were shaped 91ass 


initial pop- 


holes in each of which a glass tube con- 
taining the culture mediutm was inserted. 
The culture medium consisted of malted 
rice, sugar, agar and yeast and no DDT. 
Two. tubes replaced 


weeks with fresh food. 


were every two 


In the F, backcrossing, two sets of 
single pair matings were prepared from 
each of the six parental crosses. Thus, 
there were 12 initial populations cul- 
tured in the cages. 
will be called the ‘‘analytical’’ 
tions. Only six, one of each type, were 
finally analyzed. The object of prepar- 
ing these analytical populations was to 
find the level of DDT-resistance due to 
the presence of a major autosome from 


These populations 


popula- 


(wild strain ) 


( Mass 


¥ 

Fs 

a resistant strain and to follow the 
change in resistance in the following gen- 
erations in a DDT-free environment. 
The 7 | 

‘ach population was assumed to be about 
25 percent. The frequency of the sca 
gene in the analytical populations of the 
flies carrying the second chromosome 
derived from the ‘ain gradually 
decreased to less than five percent after 
In the other popu 


frequency of a resistance gene 


wild. stt 


one year 


cultivation 


frequency of the ss” gene 


“t} 


the 
decreased even more rapidly. In t 
itial 


ons, 


populations, the genes respon 


1 DDT-resistance were heterozvg 
The resistance of all analytical popul 
tions was measured at intervals, in 
to see what kind of change in resis 
had occurred in the DDT-free envir 
ment 
\fter a period of 
kinds of analytical populations, 
hich the frequency of the ss* gene 


cultivatior 


W 
decreased by natural selection and 
other in which the frequency of the 
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gene had decreased, were mixed to- 
gether and cultured in a population bot- 
tle without DDT. These populations 
will be called “synthetic” populations. 

The mutant genes in these popula- 
tions gradually decreased by natural se- 
lection as in the analytical populations. 
At the same time, other synthetic popu- 
lations, having the same genic constitu- 
tion, were cultivated in a medium con- 
taining DDT. The object of this experi- 
ment was to confirm whether or not the 
frequency of genes responsible for the 
DDT-resistance would increase by 
DDT-selection. 


Method of Testing DDT-Resistance 
of Adult Flies 

Five pairs of flies, taken at random 
from a population, were kept in a bot- 
tle for three days. Their offspring were 
collected on emergence from cultures 
which were not overcrowded and held 
for four or five days before testing. The 
degree of resistance was determined 
from the mortality of the flies exposed 
to DDT for 24 hours. Fifty adult flies 
were introduced into a glass tube stop- 
pered with a cotton plug. A piece of fil- 
ter paper treated with DDT (25 y/cm?) 
from an acetone solution was pasted with 


starch to the bottom of the tube. The 
tube was placed in a large dessicator in 
which the humidity was maintained at 
75 percent and the temperature at 25°C. 
The mortality was determined by re- 
peating the test six times. 


Experimental Results 


(a) The DDT-resistance of the original 
and marker strains, their F; hybrids 
and initial analytical populations 


The resistance of each of the original wild 
and marker strains, and the F; hybrids between 
them are shown in Table I. The genotypes 
of the flies that were selected for testing from 
the 12 initial analytical populations and their 
resistance are given in Table II. These results 
suggest that the dominant gene (or genes) 
with the strongest resistance is located on the 
second chromosome of the H-strain. The re 
sistance of the dominant genes on the majo 
autosomes of the K-strain is variable, while 
the resistance of genes on the second chromo- 
some of the C-strain is lowest. The number 
and position of the dominant resistant genes 
and resistance of recessive factors, which a 
wild strain has in common with the marker 
strain, could not be ascertained by this exper- 
iment. However, it seems certain that the 
DDT-resistance of adult flies of D. melano 
gaster is a polygenic character and that the 
original H and K strains were heterogeneous 


rt 


(b) Changes of the resistance in analytical 
populations in the DDT-free environ- 
ment 

The resistance in each analytical population 


TABLE II. The percentage of mortality of each initial analytical population 


Population 


3rd chromosome 


derived from H 
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Srd chromo 


derived from 
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was measured four times during the 720 day 
cultivation period with the DDT-free culture 
The results are shown in Table III. 
showed a highly 
significant decrease in in the H’. 
population and a significant decrease in ( 

showed no consistent change. 
for crossing-over between 


medium. 
\ linear regression analysis 
resistance 


rhe other lines 
Ample opportunity 
the resistant and tester chromosomes was pro- 
vided. Six of the lines were continued for 
the full 720 days. It is significant that, while 
1e =marker were almost completely 
eliminated, the resistance did not decrease sig- 


nificantly in four of these and in the other two 


genes 


change was relatively slight considering 
he long time period 
Each analytical population was cultured for 
720 days, and then five pairs of flies were ran- 
domly chosen from those populations for an 
and their offspring crossed with each 
other and with flies of the marker strain. The 
resistance of these hybrid populations was 
tested and the results are shown in Table IV. 
The data from Table IV, after an arc sine 
transformation, were treated by analysis of va- 
T shown in Table V. 
hybrid flies represented by He’ Hs’, 
”" < C3” have the genotype 
hybrids shown in Table I. By 
t 


, 
alysis 


he result is 


K,’ and ( 

similar to the F 
this time originally 
gene had almost disappeared from the popula 
When the data of both Table I and \ 
compared, the resistance of the hybrid 
lation, having autosomes derived from 
H-strain, slightly decreased and this phe 


nenon was easily explained by the decreas 


heterozygous mutan 
il. 


resistance of the H’s analytical population 
ig long cultivation 
rary, the 


autosomes 


resistance of hybrid 
derived from 
ins respectively, did not 
From the result shown 


} 1 79 - 
vretween tactors 


ange 
Table 


two autos 


nteraction 


mes was observed, despite sig 


TABLE III. The changing 


states of DDT-resistance of the analytical 


nificant main effects of H and K autosomes 


in all combinations. 


(c) The experiment on synthetic popula- 
tions 


which had 


Two analytical populations been 
cultured in population cages for 150 days, were 
mixed together as shown in Figure 11, and in- 
troduced into a population bottle. Two 
of such were prepared 
and one was cultured in the DDT-containing 
result shown in Fig- 

a DD! 


sets 
synthetic populations 
medium and yielded the 
ure 11. The other set was cultured it 
free medium. 

In the case of DDT selection, the synthetic 
’s, Co” + C”s derived 
] 


population C’, + ( 

the susceptible 4 and marker strain 
moderate DD 

content 60y/ml in the medium) 

} 


not stand selection 
and t 
extinct, but one of them did stand 


(DDT-con 


recome 
slight DDT 
y/ml) for a while. 

On the other hand, the syt 
composed of K and marker s 
resistant H and marker strains, 


and strong DD1 


grade 


soon 
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moderate 
ously, the 
he number 
by DDI 


for about 40 


cally determ 
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l 
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of five pairs oi flies 
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resistant H-strain, was eliminated together 
with the sca gene by the selective effect of 
DDT. On the other hand, the locus of the 
resistant gene on the third chromosome seems 
not to be close to the locus of the ss* gene. 
This conjecture was confirmed by another 
result. The offspring of flies in the synthetic 
’ cultured in the DDT- 


population of C.’ + C 
were observed. 


containing medium (30y7/ml1) 
It was found that the susceptible gene on the 
second chromosome of.the C-strain had been 
more severely selected against than its allele 
of the marker strain. It may be assumed that 
the dominant resistant gene is more advan- 
tageous in the DDT-containing environment 
than in the DDT-free environment. 


(d) The influence of DDT selection 


Two kinds of analytical populations, H2’ and 
H;’, derived from the H and marker strains 
cultured for 150 days, were mixed together 
and the synthetic population was cultured in 
the medium containing DDT as shown in Fig- 
ure 11. In the first 10 generations, the DDT- 
content in the medium was 60 y/ml, while in 
the next 10 generations the content was 100 
y/ml and in the last 20 generations, it was 
200 y/ml. After cultivation for 560 days in 
the DDT-containing environment, the _ flies 
from the synthetic population were mated with 
the marker strain and the F,; hybrid male flies 
were backcrossed to female flies of the mark- 
er strain. 

Then the DDT-resistance of each pheno- 
type among the offspring emerging from the 
mating was measured. The result was statis- 
tically analyzed and is presented in Table VII. 
The same synthetic population was cultured 
170 days more under DDT selection and then 
the effects of major autosomes and their inter- 
action were analyzed by the following crosses 
In this case, another marker strain, having 
dominant mutant genes, P/ (Plum) and Sb 
(Stubble) on the second and third chromo- 
somes respectively, and susceptible C-strain 
were used. The resistance of a synthetic pop- 
ulation, which had a similar’ genetic constitu- 
tion in the initial state and was cultured in 
the DDT-free environment for about 730 days, 
was simultaneously tested and analyzed. 

The new marker strain, which was hetero- 


zygous for Pm, Sb and Xa (Xasta), was 


TABLE IV. 
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SYNTHETIC POPULATION NUMBERS 
Figure 11 
The chart above shows the change in num- 
ber of flies in each synthetic population, which 
were cultured in the environment of existing 
DDT. An X indicates extermination 


highly susceptible to DDT. The F, hybrid 
male flies having the Pm and Sb character 
from crosses between several male flies taken 
from a synthetic population and several female 
flies of the marker strain, were mated with 
the virgin female flies of the Canton-S strain 
Then the DDT-resistance of each phenotype 
among the offspring emerging from the mating 
was measured. The results were statistically 
analyzed and are shown in Table VIII. The 
resistance of a synthetic population, cultured 
continuously under DDT was 
thought to be maintained and on the other 
hand, a non-selected population gradually lost 


selection, 


The mortality of each analytical group population and their hybrids after cultivation for 720 days 


Hybrid Mortality 
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the resistance. From the analytic results, the~ 
fall of resistance would be due to the fact 
that resistant factors on the third chromosome 
evidently decreased during the long cultiva- 
tion. The resistant factors on two autosomes 
of the DDT selected population remained and 
a slight though significant negative interac- 
tion between them was observed, though this 
might disappear with an appropriate trans- 
formation. 


Discussion 


Tsukamoto and Ogaki!l8.14.15 have 
cluded from their experiment using the same 
highly resistant H-strain of D. melanogaste) 
as in our experiment that a single dominant 
gene located ca.66 on the second chromosome 
was responsible for the DDT-resistance. Their 
analysis was mainly carried out on the larvae; 
ie dominant genes on other 
gene Was rec 
»workers!.2 ob 


culturing 


con- 


moreover neither 
chromosomes nor any recessive 
nized by them. Crow 
tained a hly resistant 
a large mixed laboratory population in a 

painted with DDT. 


and c¢ 
strain by 
cage 
were 


whose 1n surtaces 


TABLE V. Test 


for resistance factors 


The most salient points in their experiments 
were as follows. The DDT-resistance of adult 
flies in a highly resistant strain was tested by 
a method similar to ours. They used a marker 
strain having dominant mutant genes on cach 
major autosome and they could determine not 
only the effects of dominant factors, but also 
the effects of recessive factors on each chro- 
mosome. From the result of statistical an 
alysis they have concluded that in their strain 
the DDT-resistance is a polygenic character 
or more tactors 
located on each of the second and third chro 
mosomes and one or more 7 

on each of the X chromosomes and two major 
autosomes. The interactions between domi 
nant factors were estimated as responsible for 
percent of total variance. The 
effects were almost completely 
authors have attempted to lo 
factors on the second chro- 


controlled by one recessive 


dominant factors 


only five the 
chromosomal 
additive. The 
cate the dominant 
mosome, but tl 


ey have only succeeded in find- 


dominant factors 


the chromosome 


ing at least two 
the middle 


ference between the 


part of 


two conclusions 


after cultivation for 720 days 


D.F. 





a ( 


kamoto and Ogaki on the one hand and Crow 
et al. on the other, concerning the number of 
resistant genes, is apparently due to the dif- 
ferences in the material and in the measuring 
method they used. The experiments described 
in this paper, as well as in Oshima’s paper,1! 
have disclosed that the effect of the dominant 
resistant gene on the second chromosome of 
the highly resistant H-strain was remarkably 
higher than the effect of the gene on the third 
chromosome. No resistant gene on the .X 
chromosome could be detected in our experi- 
ment, but we have found that the effect of a 
dominant resistant gene on the third chromo- 


some could not be ruled out. The working 


hypothesis that the DDT-resistance in D. mel- 
anogaster is controlled by a complex polygenic 
system, has been supported by King®7 also. 
Oshima and Hiroyoshi!? have analyzed DDT 
and nicotine sulfate resistance in D). viri/is and 


found that dominant located on two 
autosomes were responsible for this property. 

From the viewpoint of evolution on the 
Drosophila, the fact that there are at 


genes 


genus 


TABLE VI 
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least two dominant genes located on two 
homologous autosomes of these two species, 
seems to support the preadaptation hypothesis 
of insecticide resistance and also to give some 
suggestions on the nature of the polygenic 
system in this fly. It has been assumed that 
the genes controlling insecticide resistance 
have existed at a low frequency in the popu- 
lation, before the insecticide was applied to it. 
Such a gene may have been somewhat dis- 
advantageous to the population. The culture 
would become resistant only through selection 
by the insecticide and regain its susceptibility 
when it is brought back to the medium with- 
out the insecticide. 

The same kind of change has been common- 
ly recognized in house-fly populations, al- 
though it has seldom been seen in Drosophila 
populations. Crow= has found in his resistant 
strain no perceptible decrease in DDT-resist 
ance after three years’ culture in the DDT- 
free medium. Oshima!! has reported his ob- 
servation that his DDT- susceptible popula- 
tions of the Canton-S strain became resistant 


The number and percentage of each phenotyped fly emerged from the matings which were taken 


from synthetic populations after cultivation for 85 and 120 days 


Cultivation for 85 days 


DDT-content 60 


120 days 


567 


99.5 
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after a few generations, when they were con- 
taminated with a small amount of resistant 
flies and that this resistance was maintained 
even in a DDT-free environment. 

In general, since selection by insecticides 
should act in combination with natural selec- 
tion for viability and fertility, resistant factors 
associated with nearly normal viability would 
not be selected against. Crow has supposed 
three possibilities to account for the causes 
of non-regression in resistance. Among these 
possibilities, the one assuming that the resist- 
ince factors would enter into a new balanced 

mbination with other factors acting as via- 
ility modifiers and formerly deleterious fac- 


have become favorable seems to 
be highly attractive as the explanation of the 
phenomena stated above. The dominant resist- 
ant genes located on two major autosomes 
which had shown significant interaction, were 
isolated in the analytical population and were 
examined to determine whether each of them 
was selected by natural selection. The result 
was not clear-cut, but it has been ascertained 
that the analytical population which had the 
H-strain second chromosome, on which the 
strongest resistant gene was located, showed 
linear regression for a period of long cultiva- 
tion in a DDT-free medium. In analytical 
populations, the sca gene would be selected by 


toms ones, 


TABLE VII. Test for dominant resistance factors of the synthetic population cultured for 560 days in the 


environment of existing DD 


Genotype 


5658.01 
5307.40 
488.70 


1742.59 


TABLE VIII. 
of existing DDT or no-DDT for 730 days 


H»’ + Hs3’ 


Dode 


4816.67 
1693.44 
464.14 


1956.94 


16.21 
2.81 
—0.008 


Test for dominant resistance factors of the synthetic populations cultured in the environment 


(DDT select 
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natural selection and the gene of the marker 
strain, located near it and responsible for 
DDT-resistance, would be concurrently se- 
lected. The resistance of analytical popula- 
tions, in which the resistant gene of the H- 
strain was included, gradually decreased. This 
phenomenon might be illustrated by the fact 
that the other resistance factors on the 
ond chromosome were isolated from resistance 
factors and viability modifiers on other chro- 
mosomes. On the other hand, the same pre 
sumption could be made on resistance factors 
on the third chromosome. These phenomena 
are interesting from the standpoint of co- 
adaptation between polygenes responsible for 
resistance. 

The observations on synthetic populations 
cultured in a DDT-containing medium suggest 
that the resistant genes on two major auto- 
somes were preserved, and if a population had 
the gene located near sca on the second chro- 
mosome, it could withstand the DDT effect. 
The synthetic population showed a decrease 
of resistance during the long cultivation in 
the DDT-free environment. In this case, the 
resistance factors on the third chromosome 
were markedly increased by selection in the 
presence of DDT. 

As pointed out by Hoskins and Gordon 
it seems to be important to discriminate be 
tween the special factors having detoxifying 
action on DDT and the general factors mani- 
festing vigor tolerance. This point could not 
be clarified by our experiment, but the de- 
creasing resistance of populations having 
heterogeneous resistance genes in the DDT- 
free environment suggests that some of these 
genes have such a specific DDT-resisting ac- 
tion. However, for the present, it is difficult 
to determine whether resistant genes having 
enzymatic action on DDT-dehydrochlorination 
exist in Drosophila. 

The recent data concerning DDT-resistance 
of the house-fly reported by Maelzer and Kirk,® 
Keiding® and Milani!® have disclosed that a 
high-level resistance may be manifested by the 
activity of a single factor on the background 
of a polygenic system. Lichtwardt§ has dem- 
onstrated that the homozygotes of the R fac- 
tors have some degree of competitive disad- 
vantage. Thus, there are certain points com- 
mon to DDT-resistance of the house-fly and 
that of Drosophila which have been disclosed 
by genetic analyses. 


sec- 


Summary 


The resistance to DDT of two wild Jap- 
anese strains, as well as that of a laboratory 
strain of D. melanogaster, was analyzed by 
using a marker strain carrying recessive genes 
on two major autosomes. The effect of the 
dominant resistant genes for DDT-resistance 
located on each of the two autosomes of the 
adult fly, was analyzed and was attributed to 
a polygenic system. 


The grade of the DDT-resistance was 
measured by the mortality of the flies ex- 
posed to a filter paper soaked with DDT for 
24 hours at 75 percent humidity and 25° 
temperature. The resistance manifested by the 
presence of the second chromosome of the 
resistant Hikone strain was the highest, where- 
as the effect of the second chromosome of the 
Canton-S strain was the lowest. 

During cultivation in the DDT-free envir- 
onment of the populations having the resist 
ant gene on each of the two major autosomes 
separately, the resistance of an analytical pop- 
ulation, having the second chromosome of the 
H-strain, gradually decreased. After cultiva- 
tion for 720 days, analytical populations were 
crossed with each other and with the marker 
strain for statistical analyses of chromosomal 
effects on two major autosomes. No signifi- 
cant interaction between them was recognized 

DDT-resistance of synthetic populations 
was clearly determined by their genetic con 
stitution. The resistance of the synthetic pop 
ulation was maintained by DDT selection, but 
the resistance of a similar population in a 
DDT-free environment gradually decreased. 
These phenomena were discussed from the 
viewpoint of co-adaptation between inter- or 
intra-chromosome polygenes. 
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Results 


The progeny of a testcross of the male- 
sterile plant of P.I. 204789 to a known B- 
line — B 5546 B—were all sterile (Table I). 
A fertile plant of P.I. 204789 used as a pollen 
parent crossed to the male-sterile plant of P.I. 
204789 also gave only male-sterile progeny. It 
is significant that not only does P.I. 204789 
carry the recessive ms gene with N-type cyto- 
plasm, but also contains the S-type cytoplasm. 
Apparently the type of sterility is the same as 
that reported by Jones and Clarke. 

When handling great numbers of bulbs there 
is always the possibility of being misled by 
the occurrence of a mechanical mixture. Since 
many other introductions of Allium cepa from 
Turkey have also segregated for the male- 
sterile gene (Table II) there is little reason 
to suppose that the male-sterile plant found in 
P.I. 204789 was due to chance mixture. 


Table II indicates that the male-sterile char- 
acter occurring in these introductions is re- 
and that the results fit a 3:1 ratio. 
Only P.I. 204789 among these plant introduc- 
tions has been checked to determine whether 
the same male-sterile gene is involved as that 


cessive 


TABLE I. 


Segregation for male-sterility 


P.I. 204789 &X P.I. 204789 
P.I. 204789 & B 5546 B 
P.I. 204789 fertile selfed 

B 5546 B selfed 


TABLE II. 


Fe segregation for male-sterility in 


P.I Male-fertile 


plants l 


of plants from 


Male-sterile 


piants 


currently in use in the commercial production 
of hybrid onion seed. 


Conclusion 
The gene causing male-sterility in P.I. 
204789 appears to be the same as that re- 
ported by Jones and Clarke.2 The S-type 
cytoplasm as well as the nuclear gene ms is 
present in onions from Turkey. 
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HE polydactylous strain of 

at the New York State 
Station at Springville has yielded 
number of morphological characters, 
both genetic and phenocopic. The his- 
tory of these mice has previously been 
reported by Strong and Hardy" and 
Engel’. All of these variations involved 
skeletal deformations of the posterior 
Four of varia- 
tions were subjected to genetic tests: 
pin-tail, 


\ 


appendages. these new 


they were loop-tail, club-foot, 
and a torsioning or twisting of the digits 
on the hind limbs. 
Loop-tail 

LLoop-tail is a very noticeable shorten- 

g and curling of the tail (compare Fig- 
ure 134 and Figure 12). In an 
mating of the F, generation none showed 


unter sé 


loop-tail among 29 mice classified. In the 
irst, second, and third | 
erations to the variant c 
of 58 mice were classified. 
no loop-tail 
would lead to the conclusion, it 
lat loop-tail However, 
loop-tail may be phenocopically related 
to Gruneberg’s curly-tail (symbol ct) 


vackeross 
ndition a total 

\gain in this 
This 


1 itself, 


gen- 
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is not genetic. 


which Grtineberg suggests is caused by 
a simple recessive gene whose manifes- 
tation is greatly influenced by genetic 
background. A comparison between the 
two variations reveals that, in loop-tail, 
the tail is much shorter and the loop 
more symmetrical than in curly-taif 
Club-foot 

another morphological 
occurred in the 
The character 
easily distinguishable from the normal 
and has little variation 
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PHENOCOPIC LOOP-TAIL AND CLUBFOOT 
Figure 13 


A—X-ray photograph of phenocopic loop-tail. Note abrupt ending of vertebrae. B 


X-ray 


photograph showing club-foot (left hind leg). Variations proved to be non-genetic. 


“pin-tail” because of its characteristic 
shortening and abrupt tapering ending 
of the vertebrae of the tail. As illustrated 
in Figure 14, the tail is shortened to a 
considerable extent and in all cases easily 
distinguishable from the normal. How- 
ever, for convenience and specificity, the 
mice were broken down into two classi- 
fications of the abnormality. The first 
type, with partially shortened tails (see 
Figure 144-C) retained the term pin-tail 
while those with extraordinarily short 
tails (see Figure 15.4-C) were assigned 
the general term brachyury. 

F. H. Clark? reported the appearance 
of brachyury in the descendants of X- 
irradiated mice. He reported that his 
mutation was lethal in the homozygous 
form. Clark suggesetd brachyury to be 
a phenotypic form,of kinky tail, bent- 
tail, and filiform, all of which are believed 
to be caused by the same gene. Clark 
stated that, at that time, the character 
had not been placed on any of the 14 
mouse chromosomes identified at that 
time. 

Gruneberg’ identified Danforth’s 
short-tail (Sd) as being semi-dominant 
with varying tail lengths. However, he 
found that in the lethal homozygous state 
no tail was present. In studying the 
embryonic development of such mice, 
he found that the tail developed normal- 
ly until the 9th or 10th day at which 
time cellular degeneration set in. 

W. F. Hollander and L. C. Strong§ 


reported a similar mutation (which they 
likewise termed pintail) occurring in 
the 2lst inbred generation of the pBr 
(non agouti, pink eyed, brown) treated 
with methylcholanthrene. They found the 
mutation to be definitely dominant and 
linked to brown. Tail length varied with 
the shortest belonging to the homozy- 
gous group. The trait was definitely dis- 
tinguishable from normal. Several link- 
age tests were carried out and a five per- 
cent crossover with brown was deter- 
mined. Hollander and Strong concluded 
that the mutation was not an allele of 
brachyury or any other known tail muta- 
tion. 

Michie!” has described the combining 
of the vestigial tail mouse (symbol vf 
introduced by Heston in 1951) with 
brachyury. F, produced by a cross be- 
tween the original vestigial mutant stock 
(vt/vt, c/c, b/b, a/a) and the E 
showing brachyury, were backcrosse: 
to a mouse of the original vestigial tal 
stock. This cross produced 21 mice 
showing a shortening or absence of the 
tail as compared to eight normals. He 
also observed that three of the 
which possessed the tail abnormality also 
showed an imperforate anus. These 
mice died within five months after wean- 
ing. He has suggested the imperforate 
anus was the result of the genotype 7'/.r, 
vt/vt. 

The present author, however, observed 
an extraordinarily short pintail (termed 


st ck 
] 


mice 





“LONG” PIN-TAIL 
Figure 14 


A—X-ray photograph of “long” pin-tail 


followed by abrupt ending of vertebrae and irregular tapering of tail. B 
trait is genetic. ( 


of “long” 


pin-tail 


pin-tail. There is evidence that this 
Abdominal distortions are the result 


brachyury ) in the first backcross genera- 
tion to a mouse showing the new pintail 
trait. Simil: 
other crosses within the pintail stock. In 
a total of 28 offspring of the first back- 
cross generation nine were observed nor- 
mal whereas 18 exhibited pintail and 
showed brachyury. 

A series of sib matings of mice im- 
mediately descended from the original 
mutant produced 17 mice, nine of which 
showed the pintail 
mutant and one possessed the brachyuric 
condition. 

The author would suggest a dominant 
gene with 
responsible for the trait, with the brachy- 


ir results soon appeared in 


one 


were normal, six 


possible genetic modifiers is 


ury occurring as the homozygous geno- 
type. At present, tests are being con- 
ducted to establish possible linkage with 
the JK (short-ear, dilute brown) strain. 


Torsion Pollex 
The mice originally acquired by the 
author from the polydactylous stock at 
Springville produced offspring which 
exhibited a new irregularity in addition 
to polydactylism. This new trait 
designated as “torsion pollex’’ because 


Was 


Note seemingly normal upper regions of the tail 


X-ray photograph 
X-ray photograph of “long” 


of pregnancy. 


of its characteristic twisting of the pollex 
with frequent adjacent digits under the 
foot (see Figure 16). This torsioned ef 
fect was never observed in mice 
did not have the polydactylous condi 
polydactylism may or may not be a 
panied by torsioning 
A series of matings 

torsion mutant resulted in the following: 
of 141 mice classified 49 were normal, 63 
(| Ti T 


sib 


possessed both polydactylism an 


sioned pollex, and 29 were polydactylous 
] 92 out of 141 
* ; 
lism: OS out ot 


i i 


alone. This means that 
mice exhibited polydacty 
141 showed the torsioning 

total of 63 had 


torsion out of polydactvlous animals 


mice manifestations of 
Q? 
In the polydactylous mice (those wit] 
out e 
right foot with 18 occurrences, 
by those exhibiting the character on 
hind feet 
with manifestation of left foot only (three 
in number). 
Of tl 
generation 28 were normal; 10 exhibited 
19 expressed 


torsion) the character favored the 
followed 
both 


(seven in number) and those 


1e 62 mice in th 


e first backcross 
polydactylism alone and 
torsion and polydactylismn 

The variation of expression was simi- 
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BRACHYURIC MICE 


Figure 15 


{—X-ray photograph of brachyuric mouse (see text). 
X-ray photograph of brachyuric mouse showing the boneless tail condi- 
X-ray photograph of the dorsal view of a brachyuric mouse. 


in elemental tail. B 
tion ( 


lar to that of the polydactylia character. 
The right hind foot was favored, fol- 
lowed by bi-lateral expression, followed 
by manifestation on the left foot alone. 
But, in the case of those with torsioned 
polydactylia, double manifestation was 
most frequent (nine in number) with 
expresison on the right foot following 
closely (seven in number) and occur- 
rence on the left considerably less (three 
in number). 

From an F»2 sib mating (poly to tor- 
sion poly) the following offspring were 
obtained : of a total of 58 mice classified, 
34 were observed normal; nine showed 
torsioned polydactylism; and 15 ex- 
pressed only polydactylism. 

From this data the author has con- 
cluded that both these morphological 
characters, pintail and torsioned pollex, 
are controlled by dominant genes with 
the trait for polydactylia being epistatic 
to those for torsion pollex. 

Linkage tests of polydactylous indi- 
viduals and torsioned pollex are now 
being carried out with JK (short-eared, 
dilute brown). 

Discussion 

The preceding data seem to have, at least, 

two significant bearings upon general biology. 


Note complete absence of vertebrae 


First, the discovery of four new variations, 
some genetic and others phenocopic, add to 
the sum total of knowledge of the laboratory 
mouse. 

The second significance appears to be more 
important. In order to ascertain the influence 
of various agents, such as X-rays, chemicals 
and atomic radiations, upon the mutation 
rate of an animal, it first becomes necessary 
to establish the spontaneous mutation rate in 
that animal. It follows from the preceding 
data, that if one includes all new variations 
that occur in a group of mice as mutations, 
then the mutation rate thus compiled is in- 
valid. Careful consideration should be given 
to each variation to determine whether it is 
truly genetic or simply a phenocopy 

The same precautions might well be applied 
to the ascertainment of the new mutation rate, 
since, according to Goldschmidt*, the very 
physical influences (i.e., X-ray, chemical, etc.,) 
which might change the mutation rate, may 
also effect the rate of producing phenocopies. 

Goldschmidt® has recently discussed the 
results of a paper by Landauer® and points 
out that Landauer’s conclusions go in the same 
direction as conclusions he has made from 
work with Drosophila, namely that many 
sporadically-occurring variations are mani- 
fested through phenocopic means. Landauer 
also asserted that response to agencies induc- 
ing a specific phenocopy often varies between 
stocks of a species. 

Therefore one might conclude that, due to 
sufficient evidence of a high percentage of 
phenocopies, the validity of mutation rates are 
dependent upon adequate and accurate tests 





TORSION POLLEX 
Figure 16 
Mouse displaying the torsioned pollex char- 
acter Note first toe (right 
foot) which is seeming under the 


duplication of 
ly twisted 


+ 


root 


of the biological variations on which 
is based 
Conclusions 
The present study: consists of the descrip 
tion and genetic analysis of four skeletal varia- 
tions in the house mouse. They occurred in 
a partially inbred strain of polydactylous mice 
within a relatively short time. It was shown 
that two of these are phenocopies of other 
variations found in other laboratories. Loop- 
tail appears to be phenocopically related to 
ly-tail, whereas simulates a 
by Bagg and 


curl 
genetic club-foot 
did the 
backcross to 


club-foot 
described 

neither 

double 


Little!. However, in case 


variation reappear in a 


the variant condition. Hence, we must con- 
clude that they are not genetic, but phenocopic 

The other two variations, pintail and tor 
sioned pollex, have been shown to be genetic. 
The relationship of these to known mutations 
can be determined only by linkage tests. Such 
tests are being continued. It is concluded that 
an epistatic relationship exists between poly- 
dactylism and torsioned pcllex, both of which 
are governed by dominant genes. 

Pintail seems to be the manifestation of a 
dominant gene influenced by genetic modifiers. 
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A PIGEON ENCYCLOPEDIA 


OMESTICATION of the pigeon very 

possibly antedated that of the chicken and 
of the horse. Few persons realize the extra- 
ordinary evolution which has occurred in this 
species in the hands of man. The birds, we 
the city scarcely hint at -the 
in the “fancy.” For this 
information in this 
both in prose and 


daily see in 
diversity existing 
reason if no other, the 
book* is a_ revelation, 
pictures. 


* ] he 
Carolina. 


Pigeon. Wendell M. 
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1957. xxvii + 667 pp. $20.00. 
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work was pub- 
1942. the . urnal 


lauda- 


The first edition of this 
lished in 1941. In August, 
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tory review by Professor Leon J. Cole of | 
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late this massive bot 
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geon tame. Sixteen years 


appears in a enlarged edition, 
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even more deserving of 
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The author’s intent |} } : 
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present in digestible form all available knowl- 
edge about domestic pigeons, salted with his 
own keen comments. For the specialist and 
for the biologist it is an invaluable source, 
with a thorough index and a bibliography of 
over 1,500 references. Of the 12 chapters, 
the fifth is devoted to Genetics, but the real 
show is Chapter 2, on breeds and varieties, 
genetic analyses of which have hardly been 
touched. The distribution of the book has 
been worldwide, and there is considerable 
evidence that genetics is now less of an ivory- 


tower subject among breeders and _ fanciers. 
Such terms as “sex-linked,” “homozygous,” 
“heterozygous,” and “modifying factors” have 
even been heard in the show-room! And some 
fanciers have even taken up experimenting 
which is analogous to amateurs’ in Astron- 
omy. After its long past, what does the future 
hold for this entertaining as well as useful 
species ? 

W. F. Ho_tanper 
Towa State College 
Ames 


THE MECHANISM OF INHERITANCE OF 
POLIOMYELITIS 


GENTARO GoTo* 


ECENTLY, Dr. J. J. Reedy? published 

statistical data on 50 pedigrees of polio- 
myelitis and concluded that susceptibility is 
inherited as one autosomal recessive gene with 
a penetrance of the order of 80 percent. His 
statistical values, based on a study of the 
parents and the sibs of propositi, are given 
in Table I. 

From these values the present author cal- 
culated the frequencies of the affected and 
their standard errors. Denote the frequency 
of affected among parents by P, that among 
children (sibs of propositi) from matings of 
normal normal by X, that among children 
(sibs of propositi) from normal x affected 
by Y, that among children (sibs of propositi) 
from affected affected by Z, and that among 
all sibs of propositi by G, then P = 0.038 + 
0.012, X = 0.090 + 0.017, Y= 0.250 + 0.108, 
Z = 0.333 + 0.272 and G = 0.101 + 0.017. 

A few years ago the present author! pub- 
lished some mathematical formulae to analyze 
the mode of inheritance (dominance or reces- 
siveness), the gene frequency and the mani- 
festation frequency (this has the same mean- 
ing as penetrance, but the term “manifestation 
frequency of a genotype” or “genotypic mor- 
bidity” may be better than the term “pene- 
trance of a gene’). When a pathogenetic gene 
is recessive, the formulae for the frequencies 


*Department of Biology, Faculty of Science, Kumamoto University, Kumamoto, 


of affected individuals in the groups mentioned 
above are as follows: 
P = aq 
a(% p+ pq) 
X = . 
(p+ Bq)* 
a( Yap + Bq) 


(p + Bq) 


G=—=—(1+q)? 


4 

In these formulae, g is the 
probability of occurrence) of a recessive gene, 
p=1—gq, @ is the manifestation frequency 
(or the genotypic morbidity) of the homo- 
zygous recessives and B=1l—a. On the 
assumption that the pathogenetic gene of the 
recessive, the 


frequency (or 


diathesis of poliomyelitis is 
present author analyzed the statistical values 
of the frequencies of affected by using these 
formulae and letting g = 0.075 and a = 0.35, 
which caused the theoretical values to approach 
most closely the observed ones. The observed 
values, the theoretical ones, deviations between 
them, and the deviations divided by the stand- 
ard errors are given in Table II. 

Each deviation does not exceed the standard 


Japan. 
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error of the observed frequency. The greatest 
deviation is detected for P, where the devia- 
tion is equal to the standard error. These 
show that differences between theoretical 
values and observed ones are not statistically 
significant. The frequency of the homozygous 
recessives in the population is gq? and the fre- 
quency of affected in the population is agq?. 
Substituting g—0.075 and a=0.35 in the 
equations, gives ag? = 0.002. This is equal to 
a frequency of two per thousand, which has 
been observed by Dr. Reedy. In addition, the 
value of the manifestation rate of 35 percent 
coincides with that from twin studies by 
Herndon and Jennings?. 

From the above population genetical anal- 
the author concludes that the diathesis 


VSIS, 
of poliomyelitis is inherited by one autosomal 


TABLE I. 


TABLE II. 
y X 


Observed and theoretical values of 


Inheritance of Polio 39 
recessive gene, the gene frequency is 0.075 and 
the manifestation rate of the homozygous 


recessives is 0.35. 
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MONOPLOID AND DIPLOID CUCUMBERS 


Figure 17 


A—Metaphase of monoploid plant showing seven chromosomes. B—Metaphase of diploid 
plant showing fourteen chromosomes. C—Male flowers of diploid plant (left) and monoploid 
plant (right). D—Monoploid plants. E—Diploid plants. 





MONOPLOIDY IN CUCUMBERS 


Lewis E, 
L.-THOUGH haploid sporophytes 
have been found in many of the 
higher plants, there has been no 
report of haploidy in any species of the 
Haploids usu- 
ally occur at very low frequencies, and 


family Curcurbitaceae 


various treatments have been employed 
in attempts to increase the rate of their 
occurrence. Although increased frequen- 
cies have been reported following inter- 
specific hybridization®:!°, pollination with 
irradiated pollen +“ and delayed pollina- 
tion’:'! these treatments have very lim- 
ited value as general methods of induc- 
ing haploidy either because the treatment 
is successful for only one species or be- 
cause the increase in frequency is too 
In some spe- 


is 
small to be of any value. 
cies, twin seedlings have been found to 
include a high proportion haploids 
especially in certain lines of cotton’. 
pollinating diploid maize plants 

with pollen containing a dominant 
netic marker, Chase!* was able to select 
maternal type plants directly from 
F, progeny. A relatively high proportion 
f tl Since the hap- 
loids were derived from a basic diploid 


ot 
By 


un ge- 
1 


the 


of these were haploids. 


species, Chase called them monoploids 
just to emphasize that fact, and the term 
1 reference te 
Since Chase® was successful 


} 


) 
I 


is similarly used here 1 
cucumbers. 
in producing homozygous diploid maize 
lines on a practical scale through somatic 
chromosome doubling in these monoploid 
plants, a similar study in 
1955 with the cultivated to 
determine the extent to which monoploid 
pl Id be useful in obtaining 
homozygous diploid cucumber lines. 


was begun 
cucumber 
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was carried out 


AALDERS* 


4] 


plants in progenies of diploids could not 
be used for cucumbers because no suit- 
able genetic marker was available. On 
the basis of descriptions of haploids of 
other species, monoploid cucumber seed- 
lings were expected to be characterized 
by slower growth, narrower and thinner 
cotyledons, smaller hypocotyls, and a 
weaker general appearance than normal 
diploids. Therefore, the method used to 
try to identify monoploid cucumber seed- 
ge populations of 


lings was to grow lar 
counts 


seedlings and make cl 
on individuals 
acteristics. 

In 1955, open pollinated fruits from 
four unnamed cucumber breeding lines 
that had been grown by the Plant Breed- 
ing Department of Cornell University 
were used, and in 1956, open pollinated 
fruits from 41 ~+h Cornell breeding 
lines were used. Both pickling and slic- 


lromosome 


+} 


aa 
selected for these char- 


suc 


ing type cucumbers were included. Some 
commercial seeds of the variety Marketer 
were used in 1955, and in addition, three 
lines, Cornell 55-615, Ohio M.R. No. 2: 
and Chinese Long, were self-pollinated 
1956 and used. 

The seeds were extracted 
The fruit was cut open, 
scraped into a beaker, about 


in 
from each 
fruit separately. 
the pul 
50ce of one normal hydrochloric acid 
added, and the mixture stirred. The 
plump seeds soon sank to the bottom of 
the beaker, and a \ 
floated to the top ‘he floating see 
were embryo-cultured by the method 
described by Randolph and Randolph‘ 
In 1955, all of the floating 
hile 1 
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for Iris. seeds 
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eight millimeters or less in length were 
used. All seedlings that were success- 
fully embryo-cultured were checked cyto 
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logically to determine their chromosome 
number, usually after they had been 
transplanted to soil. 

The plump seeds were germinated in 
sand in a greenhouse bench. Heating 
coils were buried in the sand to main- 
tain a soil temperature of approximately 
27° C. The air temperature varied from 
18° to 25° C. The seeds were planted 
two inches by three inches apart at first, 
but this was soon cut down to one inch 
by one and one-half inches. When the 
seedlings were two to three weeks old, 
plants which appeared to have any of the 
characteristics expected of monoploids 
were selected and checked cytologically. 
The normal plants were discarded. 

Chromosome counts were made on 
squash preparations of very young leaves 
that were fixed for about 20 minutes in 
Farmer's fluid and stained for about 20 
minutes in hot aceto-carmine. 


Results 


No monoploid plants were found by making 
chromosome counts on selected plants that had 
germinated from plump seeds (Table I). From 
34.746 seedlings examined, 374 were selected 
is being possible monoploids and were checked 
cytologically (Figures 17A and B). One was 
tetraploid, 372 were diploid, and one contained 
both diploid and tetraploid tissue. 

In 1955, four monoploid plants were identi- 
fied from 21 seedlings that had been embryo- 
cultured from floating seeds of fully mature 
fruits (Table II), but no monoploids were 
found from 222 seedlings that had been em- 


Chromosome numbers of cucumber 


TABLE I. 


Seeds 
Seed | planted 
1955: 
Peto Seed Co. H-114 open pollinated 
Peto Seed Co. H-115 open pollinated 
Cornell 54-463-5 open pollinated 
Cornell 54-463-12 open pollinated 
Marketer (commercial seeds) 
1956: 
Chinese Lo 
Cornell 55-615 self-pollinated 
Ohio M.R. No. 25 self-pollinated 6306 
Other open-pollinated lines 20804 


Tot 47949 


ng self-pollinated 


*One plant contained both diploid 


seedlings 
grown from plump seeds 


bryo-cultured from floating seeds of fruits 
that were not fully mature. 

In 1956, nine monoploid plants were identi- 
fied from seedlings that had been embryo- 
cultured from floating seeds. Seven were 
identified from 194 seedlings from open-polli- 
nated fruits (Table III), and two additional 
ones were identified from self-pollinated fruits. 

Of the four monoploids found in 1955, two 
were from embryos that were about five mm. 
long, and the sizes of the other two embryos 
were not recorded. Of the nine monoploids 
found in 1956, all were from embryos that 
were four to six mm. long (Table III). All 
seedlings obtained from embryos than 
four mm. or more than six mm. long were 
diploid. Normal plump cucumber seeds had 
embryos that were about 10 mm. long. 

When the embryo-cultured seedlings began 
to grow after having been transplanted to 
soil, the most vigorous plants in the flats were 
always diploid After these were checked 
cytologically and discarded, the remaining 
plants appeared to be about equal as far as 
vigor of growth was concerned. Chromosome 
counts were necessary to separate the mono 
ploid plants from the diploid plants. 

When the monoploid plants had grown to 
about three inches in height they were treated 
with colchicine by applying an aqueous solu- 
tion externally to the region of the growing 
point. Of the four monoploid plants identified 
in 1955, two died before colchicine treatment, 
apparently as a result of infection by some 
root-rotting organism, and of the nine identi- 
fied in 1956, one died before colchicine treat- 
ment and two died following colchicine treat- 
ment. The other eight plants grew to maturity 
and were similar in vegetative characteristics 
to diploid plants (Figures 17D and E). The 
leaves of the monoploid plants were smaller 
in area than diploids, but the stems of the two 
types appeared to be approximately equal ir 


less 


selected as possible monoploids from progenies 


Seedlings 


Seeds 


checked 


germinated cytologically 


1728 40 
2290 38 
3430 127 
3338 41 
4211 


949 
1660 
1511 

15629 


34746 


and tetraploid tissue. 
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diameter. The monoploid plants grew as rapid- 
ly as diploid plants embryo-cultured from simi- 
lar sized embryos, but diploid plants produced 
by germinating plump seeds were considerably 
faster growing than either of the embryo- 
cultured types. 

The lengths of the opened guard cells were 
measured on leaves of three monoploid and 
three diploid plants. They averaged 15.67, 
15.74 and 15.90 « for monoploid plants and 
21.08, 21.18 and 21.59 « for diploid plants. 

As the monoploid plants grew, they pro- 
duced very few male flowers but formed female 
flowers at about the same rate as diploid 
plants. Usually the monoploid male flowers 
had very small anthers which did not dehisce 
(Figure 17C), and often when buds of male 
flowers were produced, they turned yellow and 
dropped off before reaching one centimeter in 
length. The diameter of the corolla of mono- 
ploid male flowers averaged 25.9 mm., mono- 
ploid female flowers averaged 32.9 mm., diploid 
male flowers 41.7 mm., and diploid female 
flowers 44.4 mm. The differences between the 
first three types were highly significant, but 
the difference between the last two types was 
statistically insignificant 

Four male flowers were produced by the 
monoploid plants which apparently arose from 

l induced diploid sectors. One was 
the first year and three the second 
had normally dehiscing anthers but 


hree opened, no female flowers 


Chromosome numbers of seedlings suc- 
seeds, 1955 


TABLE II. 
cessfully embryo-cultured from floating 


TABLE Ill. 


Chromosome numbers of seedlings cultured from various sized embryos of floating seeds, 


opened on the plant that day. The flowers 
were stored in the refrigerator and used a few 
days later to self-pollinate the first female 
flowers that were produced, but in none of the 
three cases did a fruit result from the pollina- 
tion. On the day that the fourth diploid male 
flower opened, two female flowers opened and 
these were both self-pollinated and both set. 
The resulting fruits were very similar in ap 
pearance to diploid fruits, but when mature, 
neither contained any visible embryos 
Several other parthenocarpic fruits 
produced on the monoploid plants. Four 
these resulted from attempts to make 
pollinations by crushing non-dehiscen 
and smearing the crushed anthers o1 
i flowers. However, 
embryos were 


were 


mas of female 
that contained 


on any of the monoploid plants 


visible 


Discussion 
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strongly th 
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do occur, they 


not germinate. 7 


indicate that monoploid embry« 
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screened for monoploidy 

The attempts to obtain diploid progeny from 
monoploid plants were not as successful as 
Although 13 monoploid plants 
found, only eight could be grown to 
maturity. Four male flowers were produced 
that had good pollen but the two fruits obtained 
by self-pollinating with these flowers contained 


Was ¢€ xpected 


were 


hy seed coats 
In the early work on maize* diploids were 
obtained from monoploids with a frequency 
ne diploid line from about 10 monoploid 
With cucumbers there is the advantage 
nt is indeterminate in its growth 
iabit so it should be possible to carry it along 
and make _ repeated 
treatments until diploid progeny are finally 
produced. Because of the indeterminate growth 
of cucumbers and the more exposed growing 
point, colchicine applications should be more 
successful in producing diploids from mono- 
ploid cucumber than in producing 
liploids from monoploid maize plants 


y empty 


vat the 


vegetatively colchicine 


plants 


Summary 


cucumber seeds were 


groups on the basis of 

or floated in water 

ie fruit pulp. A total of 
ngs were grown from plump 
extraction. Of these, 374 

as having characteristics ex- 


sted 
upon 


seeds 


oploid seedlings, but cytological 
proved that none was monoploid 
s extracted from floating seeds were 
bryo-cultured and of 194 seedlings from 
seven were monoploid. <A 
13 monoploid cucumber plants were 
found and are the first haploids to be reported 
i family Curcurbitaceae. 
monoploids were obtained 
11 growing from embryos 
six | and 


j | 
ted enbrvos, 


total 
thadl 


millimeters long, 
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from embryos whose lengths were not re- 
corded. Shorter or longer embryos produced 
only diploid plants. 

Eight of the monoploid plants were grown 
to maturity and attempts were made to induce 
diploidy by colchicine treatment, but no diploid 
progeny were obtained from them. 
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